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ScL Na 07/624,m filed Dec. 6, 1990.^ aSndon«i, ^ P^V^ for "se in hmdmg affinity 

whidi is a cantinualion^^ of U^. patent application 'f'^L^^y':^^ 1^.''^-^'^ ! 

ScnNo.(n/492,462,filedMar.7,1990,i»wUr^ plnndity bate p^ymm on a sul^ m selected 

5,143,854, which is a continnation-in.part of US. patent * ^Jl^^f^^"^^ ^ 

application Scr. Na 07/362,901, filed jJm. 7, 1989rnow «vcty: on a sarf^a of a substrate^™ 

atandoned and haebyincotporated herein by „ selcctol i^ons to remove a protecti^ 

all purpose, niis ap|rficatioi^ also a continuation-in-pait " surface wiA a monomer; contattmg fee pluraUty of 

ofu!s!palcntappI^onSetNo.O lintepolymOTiwithahgand;andcoatact^^ 

1995, which is a division of U.S. patent aqjpfication Set Na a labeM receptor. • • - 

07/954,646. filed Sep. 30, 1992, now U.S. Pat Na 5-445, Accardmg to another aspect of the mvcntion, unproved 

934, which is a division of U.S. patent appUcation Set Na photOTcmovable protective groups arc profvidcd. Accading 

07/850 356, filed Ma: 12, 1992, now VS. PaL No. 5,405, ^ ^ this aspect of the invention a compound having the 

783, which is a division of VS, patent application Sen Na fonnnla: 

07/492,462, filed Man 7, 1^ now VS. PaL Set Na 

5,143,854, ^ch is a continuatiQn-4n-pait of VS. patent ^11 

application Scr. Na 07/362,901 filed Jun. 7, 1989. now „ /U 

abandoned Y^^. \C)\ 

This application is also related to VS, patent application 
Set Na 08/670,118 filed Jun. 25, 1996, which is a division ^ 7^ 

of U.S. patent application Set No. 08/168,104, filed Dec 15, OMe 
1993, ^;^iich is a contimiation of U.S. patent ^^[dication Scr. 3Q 

Na 07/624,114, filed Dec. 6, 1990, now abandoned, and wherein n=0 ot 1; Yis selected fiom the group consistii^ of 
VS. patent ^jplication Set No. 07/626,730, filed Dec 6. an oxygen of the carboxyl group of a natural or nnna&iral 
1990, now VS. Pat No. 5,547,839, and also incoiparated amino add, an amino group of a natural <ff uimamral amino 
herein by reference for all purposes. yojH or the C-5' oatygcn group of a natural or unnatnral 

nnwmwr^jrr ^ dcaxyiibonudcic or iflx>nudeic add; R' and R^ indepco- 

COFYRIGffT NOnCE ^^^^ 3^ ^ hydrogen atom, a lower alkyl, aiyl, benzyl, 

A portiQn of the disdosure of this pateot document halogen, hydroxyl, aUcoxyi, ttiiol, thiocther, amino, nitro, 
contains m^'^Ti*! which is subject to copyii^t protection. carboxyl,. fonnate, formanrrido, sulfido, or frfiosphido group; 
The copyright owns has no objection to the Simile and R^ is a allcaxy, aD^ aryl, hydrogen, or allaenyl group 
reproduction by anyone oftfae patent doccunent or ttie patent 40 is provided. 

disdosuro as it qypcars in file Patent and Trademark: Office The invention also provides improved mastdng tedt- 
patent file cr records, but otherwise reserves aU copyright niqocs for the VLSIPS™ methodology. Acoading to one 
Tighrt whatsoever. aspect of the masTring technique, the invention provides an 

ordered method for farming a plurality of polymer 
BACKGROUND OF THE INVENTION 4S sequences by sequential addition of reagents conqsising the 

. ^ 1 . . ^ ^ ,^ r 1 step of scriidly iHOtccting and denrotecting portioas of the 

TJc prwent mvenUon rd^ tottie fidd of po^ polity of polymer sc^iLcesfTad^ 
synthesis. More2>caficaUy, the invention Vrovidcsji^ ^ ^lyicr sequ^ using a binary synthesis Sategy. 
'^'^^/J!:^? "^^^ phctonsm^ proted^e daui«Ueclion eiiipment and tedmiquTSi 

gr«ips,<totacoUecfa ^ also^ovided. According tolnTSodimcnt, the instni- 

caaons for synthesis of diverse pdymcx ^tSlson prt>vides a system for detcnnining affm^ 

sequences on sut}strates. receptor to a ligand compcising: means fm* applying light 10 

SUMMARY OF T H F - INVENTION ^ surface of a substrate, the substrate conqxrising a phiialiQr 

of Ugonds at predetermined locations, the means for provide 

Methods, flpparatos, and compositions for sy nt h e sis and 55 jug simultaneous illumination at a {durality of the prcdcter> 
use of diverse polymer sequences on a substrate are mined locatioos; and an array of detectors for detecting light 
disdosed. as wdl as qjplications thereof. fluoresced at the phirdity of predetemined locations. The 

Acconiiog to one aspect of die invention, an Inqiroved invention further {sovidcs for inqiroved data analysis tedi- 
rcactcr system for synthesis of diverse polymer sequences niques including the steps of exposing fluarescently labdkd 
on a substrate is provided. According to this ernbodixnent the 60 reoepton to a substrate, the substrate conqprising a phtrality 
invention provides for a reactor for contacting reaction fluids of ligands in regions at Imown locations; at a plurality of 
to a substrate; a system for delivering sdected reaction fluids data coUectxon points within each of the regions, drtrrmin- 
to the reactor; a translation stage for moving a mask or ing an amount of lig^t fluoresced from the data coUection 
sut>strate from at least a first relative location relative to a points; removing the data collection points deviating from a 
second relative locatioii; a light for illuminating the substrate 65 predeteonined statistical distribudon; and detomining a 
throng^ a mask at selected times; and an apprqniately relative binding affinity of the receptor to remaining data 
programmed digital conqmter for sdectivdy directing a collection points. 
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IVotectcd amino add N-caiboxy aohydrides for use in 
pQlym£r synthesis are also disclosed According to this 
2ispect, the invention provides a conqjound. having the for- 
mulae 
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^^tcre R is a side chain of a natural or onnatuzal amino acid 
and X is a pbotcronovahle protecting ^iip. 

A further understanding of <foe nature and tdvaatages of 
the inventions hereitt may be realized by reference to the 
rcmmning portions of ttte specification and tite attached 
drtnyings. 

BRIEF I^SCRIFnON OF THE DRAWINGS 

FKj. 1 schematicaliy illustrates light-directed ^Kitially- 
cddresssble i^talld chemical synthesis; 

FKj. 2 schematic&Uy Illustrates one example of Ught- 
diirrtrd peptide sy nt hesis; 

FIG. 3 is a tteee-dimensional rcpresentstiaD of a portion 
of the chccbaboard tansy of YGGFL and(FGGFL; 

FIG. 4 schematically illustiztcs an automated system for 
synthesizing divene polymer sequences; 

FIGS. Sa and Sb illustrate operation of a pi ogi am for 
polymer sythesis; 

FIGS. ^ and ^ are a schematic illustration of a **pure** 
binary win<Hng strategy; 

FIGS. 7fl and 7b arc a schematic illustration of a gray code 
binary ma^Fring strategy; 

FIGS. Sa and 86 are a schematic illustration of a modified 
gray code binary mosldng strategy; 

FEG. 9a schcmstically illustrstes & masldng scheme for a 40 
four step synthesis; 

FIG. ^ scfaematicaUy illustrates syndicsis of all 400 
pfp ^<f^ dimcrs; 

FIG. 10 is a coardinate map for the ten-stq> binary 
synthesis; 

FIG. 11 scfacipaHmlty illustrates a data collection system; 

FIG. 12 is a block diagram Hhistniting the architecture of 
the data coilectioa system; 

FKj. 13 is a flow chart illustrating operation of software 50 
for the data collection/analysis system; and 

FIG. 14 illustrates a three-dimensional plot of intensity 
vmus position for light directed synthesis of a dinucleotidc. 

DESCRIPnON THE PREFERRED 35 
EMBODIMENTS 

COSTENTS 

X, Definitions 

n. General ^ 

to 

Dqiroiection and Addition 

1. T^Ti^ nrple 

2. Example 

B. Antibody recognition 

1. Example 65 
nL Synthesis 
A. Reactor System 
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B. Binary Synthesis Strategy 

1. Exuiq)lc 

2. Example 

3. Exaziq>le 

4. Exan^iic 

5. Exan^e 

6. Exan^ie 

C Linker Selection 

D. lYotecting Groups 

1. Use of Fbotoremovable Groups During Solid-Phase 
Synthesis of Peptides 

2. Use of Riotoremovabie Groups During Solid-Phase 
Synthesis of Oligonudeotides 

E. Amino Add N-Carboxy Anhydrides Protected with a 
Hiotoffcmovable Group 

IV. Data CoUectioD 

A. Data Collection System 

B. Data Analysis 

V. Other Representative Applicatioas 
A. Oligonucleotide Synthesis 

1. Example 
VL Conclusion 

L DEFINITIONS 

Cotain terms used herein are intended to have the fol- 
lowing general definitions: 

1. Con^lementary: 

Refcn to the topological compatibility or matching 
together of intoacting surfaces of a ligand molecule and its 
receptor. Thus, the recq>tar and its ligand can be described 
as complcmcatary, and furthermore, the contact surface 
characteristics arc coa]q>icmcntary to each other. 

2. ^itope: 

The pQitiott of an antigen nKdecule which is delineated by 
the area of interaction with the subclass of receptors known 
as antibodies. 

3. Ligand: 

A ligand is a molecule that is recognized by a particular 
receptee: Examples of ligands ttiat can be investigated by 
this invention inrlndr, but arc not restricted to, agonists and 
antagonists for cell membrane leccptcas, toodns and venoms, 
viral epitopes, honnones, hormone receptors, pqytides^ 
enzymes, enzyme substrates, oofactOErs, drugs (e.g. equates, 
steriods, etc.), lectins, sugars, oligonucleotides, nucleic 
adds, oligosaccharides, {ffoteins, and monoclonal antibod- 
ies. 

4. Monomer 

A member of the set of small molecules which can be 
joined together to form a polymer. The set of monomers 
indudes but is not restricted to, for example, the set of 
common L-amino acids, the set of D-amino adds, the set of 
synthetic amino adds, the set of nucleotides and the set of 
pentoses and hexoses. As used herein, monomers refers to 
any manbcr of a t>asis set for synthesis of a polymer. For 
fflt ample, dimers of the 20 naturally "rn^r rin g L-amino acids 
fcam a basis set of 400 monomers for synthesis of polypq>- 
tides. Different basis sets of mooomos may be used at 
successive steps in the synthesis of a polymcc Fuitbeimore, 
each of the sets may include protected members which are 
modified after synthesis. 

5. Peptide: 

A polymer in which die monomers are alpha amino r< i 4 s 
and which are joined together through amide bonds and 
altemativdy referred to as a polypeptide. In the cootext-of 
this spedficatioQ it should be appreciated that the amino 
acids may be the L-<^>tical isomer or the D-q>tical isomcL 
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Peptides are often two or more amino add mooomers long, e) Catalytic Polypeptides: 

and <^a maze Aan 20 amino add monomers long. Stan- Polymen, preferably polypeptides, wbidb are citable 

daid al^ireviations for amino adds are used {e.g,, P for of promoting a chemical reaction involving the cod- 

proline). These abbreriations are included in Strycr* version of one or mcHc reactants to one or more 

Biocft«Tntjn7, Third Ed., 1988. wtiich is incoiporaicdh^^ 3 products. Such polypeptides generally indude a 

by reference for all purposes. binding site spedfic for at least one reactant or 

6. Radiation: reaction intcmediate and an active functionality 
Energy which may be selectively applied indoding proximate to the binding site, which functionaUty is 

energy having a wavelength of between KT" and 10* cqjablcofchcmicafly modifying toe bound reactant 

meters inrtiidingj for cxanqde, electron beam radiation. C^ytic polypeptides are described in, for exan^de, 

gamma radiation, z^ay radiation, ultraviolet radiation, vis- u^. pat. No. 5,215,899, which is incoipcffated 

ible light, infrared radiation, mioowave radiation, and radio herein by reference for all purposes, 

waves. "Inadiation'' refers to the application of radiation to ^ Homionc lecqjtofs: 

a surface Exanqiles of bonnones receptors include, e.g., the 

7. Receptor. i ^ xeoeptczs far insulin and growth hormone. Determi- 
A molecule that has an affinity for a given ligand Reccp- nation of ihe ligands which hind with high affinity to 

tsxs may-bc natnrally-ocaiiiing ox manmarfr molecules. ^ rcccptw is useful in the dcvdopmcnt of, for 

Also, they can be cn^loyed in thdr unaltered state or as cxan^ile, an cxal r^laccmcnt of the daily injections 

aggregates with other spedes. Rccepton may be attached, which diabetics must take to relieve the symptoms of 

oovalently or noacovalently, to a binding member, dlhcr ^ diabetes, and in the other case, a rcpUcement for the 

directly or via a specific tiinding substance. Exjunptcs of scarce human growth honnonc which can only be 

receptors whidi can be en^doyed by this invention include, obtained from cadaveis or by recombinant DNA 

but arc not restricted to, antibodies, cell membrane techndogy. Other exan^des are the vasoconstrictive 

receptors, monodonal antibodies and antisera rcadivc with honnooe reccplOK; detamination of those ligands 

sped&c antigenic determinants (such as on viruses, cdls <s ^ whidi bind to a receptor may lead to the devdcp- 

otfaer matexiab), drugs, polynucleotides, nuddc adds, ment of drugs to control blood pressure, 

peptides, cofactors, lectins, sugars, polysacdiarides, cdls, jcceptras: 

cellular membranes, and organcUcs. Rccqrtors are some- Determination of ligands whidi bind to die opiate 

times refcned to in the art as anti-ligands. As the tcnn receptors in the hrain is usefiU in the dcvdopmcnt of 

receptors is used herein, no difference in meaning is ^ less-addictive rtplaccmcntsfoff morphine and rdated 
intfp^r^ A **ligand Receptor Fisir^ is fosmed when two 

macromolecules have combined through molecular rccog- g Substrate: 

nition to form a coiiq)lcx- Other exan?)les of receptOTs which A matetiU having a rigid or semi-rigid surface. In many 

can be investigated by diis invention indude but are not embodiments, at least one surface of the substrate will be 

tcstrictcd to: 3 ^ substantially flat, although in some embodiments it may be 

a) Microorqanism receptors: desirable to physicalty sqiarate synthesis regions for differ- 
Dctcrmination of ligands which hind to rcc^itors, such pdymcrs with, for example, welb, raised regions, etched 

as specific transport proteins or enzymes essential to trenches, or die like. According to <^cremtK>d2ments, small 

survival erf microarganisms, is useful in devdqjing beads may be provided on the surface which may be released 

a new class of antibiotics. Of particular value would ^ conq)lclion of the synthesis, 

be antibiotics against c^iportnnistic fungi, protozoa, 9^ Ftotective Group: 

and those bactena resistant to the antibiotics in a matrrijii tuhi'rh i« rftMnically hmnd tn a monmpgr onit 

cuaem use. which may be removed upon sdective exposure to an 

b) Enzymes: activator such as electromagnetic radiation. Exaiqiles of 
For instance, one type of receptor is toe binding site of 43 protective gro^>$ wito utili^ herein indude toose oompds- 

enzymes such as the enzymes respcmsibie for deav- nttmpiprmnyl^ pyrenylrnethoxy'Carbonyl, nitrovcratryl, 

ing nenrotFansmitteTs; determination of ligands nitrot>enzyl, dimethyl dimcthoxybenzyl, 5-bromo-7- 

whicfa bind to certain receptors to modulate toe nitroindolinyl, o-hydroxy-a-metiiyl cinnamoyl, and 

action of the enzymes which deave the different 2-oxymethyiaie anthraquinone. 

neurotransmitters is useful in toe devdopmcnt of 50 10. Predefined Region: 

drugs which can be used in toe treatment of dtsordcTS A predefined region is a localized area on a surface which 

of neurotransmission. is, was, or is i r**^^ to be cctivated for fonnation of a 

c) Antibodies: polymcx. The predefined region may have any convenient 
For instance, the invention may be useful in investi- shape, e.g., circular, rectangular, eUqitical, wedge*sh^)ed, 

gating the ligand-binding site on toe antibody rool- 55 etc For the salce of faievity herein, *^predcfined regions** are 

ecule which combines wito toe cpitGpe of an antigen sometimes referred to singly as *^gions.** 

of interest; determining a sequence that mimics an 11. Sul»tantially Pure: 

antigenic epitope may lead to toe-devdqunent of Apolymcr is considered to be ^'substantiaOy pure" widiin 

vacdnes of wtiicfa toe immunogen is based on one or a predefined region of a substrate when it exhibits dLsrac- 

more of such sequences or lead to toe devdopmcnt 60 teristics that distinguish it from otoer predefined regions, 

of related diagnostic agents or compounds useful in Typically, puri^ will be measured in terms of biological 

toera^utic treamients such as for auto-inmumc dis- activity or function as a result of unifoau sequence. Such 

cases (eg., by blocking the binding of toe **sdr characteristics will typically be measured by way of binding 

antibodies). wito a sdcctcd ligand or recqiCQr. 

d) Nucleic Adds: 65 12. Activates- refers to an energy source adapted to render a 
Sequences of nuddc adds may be synthesized to group active and which is directed from a source to a 

establish DNA or RNA binding sequences. predefined location on a substrate. A primary illustration of 
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onoctivotQrisligbt OtbcrexanqdcsofacdvatorsiDcladeioii Afto' dcprotectioiL. a first of a set of building hioc&s 

hMTWi rfggtrie fiddi. magnetic fields, electron beams, x-rav. (indicated by ^^A** in FIG. 1), each bearing a photoUfailc 

and the like. protecting group (indicated by **X^ is exposed to the surface 

13. Bincry Synthesis Strategy refers to an ordered strategy of the substrate and it reacts with regions that were 
fox paroUel synthesis of diverse potymer seqneaces by s addressed by Ugbt in die psvoeding stq>. The substrate is 
srqiicntial cdditton at reagents v/bacti may be represented by h^cq iUnminated through a second mask which scdvatcs 
a zecctant nutrix, aiid a switch inatrix. the psoduct of which anothcricgioaforreaction with a second protected building 
is apTOduamatrix. Axeoctammatnxis a Ixn matrix of the biodc**B-. The pattern of masks used in these iUuminations 
buildittg faiodcs to be added. The dements of flic switch sequence of reactants define the ulthnate products 
n^arix tsK binary numbers. In prefared embodiments a ^ locations, resulting in diverse sequences at fat- 
lanory strat^isone in wh«± at least two successive steps locations, as shown with the sequences AC3SG and 

^XJ^ 'i.l^J^^^i^^Jl in the l^er portion of Ha I'ftcfcxred^odi. 

moa prefared cmbwfamcitfs, tenary synthesis refere to a invention take advantage of comhinatcrial 

synthesis str&tegy which also facton a jaevioos addition "7 «.v«iui5c ui wiiiuuwu««i 

S«.Forcxan^astratcgyinwhidias^mat^ niastong strategies to form a large nmnber of c<Hiq»unds in 

masking strategy halves icgioas ttiat were jffcviously * number of cheimcal stqw. 

iH ^nM^, ilhiimnating about half of the preWoasly iUu- Ahigh degree of nuniaturization is possible became the 

mimited region andi»otecting the remaining half (while also density of confounds is determined largely with regard to 

pitttecting about half of psevioosiy footected regions and spatial addressaHUty of the activator, in one case the dif- 

tHiimiBinring cbout half (tf pxeviousiy protected regions). It fraction of lighL Each conqjound is physically accessible 

will be recognized that binary rounds may be ister^MXsed 20 and its position is precisely known. Hence, the array is 

with non-binary rounds and that only a portion of a substrate spatiaUy-eddressable and its interactions with other mol- 

may be subjected to a bdnary scheme, but wiD still be ecules can be assessed. 

considered to be a binary mn-^Wng scheme within the ig a particular en^bodiment shown in FIG. 1, the sut>strate 

definition herein. A binary **m«sTring^ strategy is a binary contains amino groups that arc blocked with a photdabile 

synthesis v^ch uses light to remove protective groups from 2s protectiiig group. Atnino add seqtiences are inade accessible 

mptm'nU for addition of other moteriais such as amino edds. forcoiq)ling to a reccptoff fay removal of the photqprotective 

In picf aicd cmbodijxtfnts, selected oolmnns of the switch groups. 

matrix are asrangcd in enter of inarasing biliary numbers in ^ p<dymei sequence to be syntfiesizcd is, for 

fee cohmms of the switch matrrt. ^ , , . cxan^le, a polypeptide, amino groups at the ends <rf linkers 

14. Unkrr refers to a inplecute cr group of molecules attaZed to substrate are dei^^^ 

from the substrate for cxposuretondmg to a receptor. ^o^! jt,^ ^ molecules may be, for cxaiple, aiyl 

n. General acetylene, ethylene glycol oligomers containing from 2-10 

The present invention provides synthetic strategies and monomers, diamines, diacids, amino adds, <s combinations 

devices for the oeation of large scale chemical (Uversity. 35 thereof. Hkotodeprotection is effected by illumination of the 

S<did*;dia$e chemistry, photoiatalc protecting groups, and substrate through, tor exaix^le, a mask wherein the pattern 

pholoiithogrq)hy are brought tog^er to achieve light- has transparent regions with dimensions of, for example, 

directed qiatiallyHuldressable parallel chemical synthesis in less than 1 cm^, KT^ cm ^, ICT^ cm^, KT* cm', KT* cm*, 

pi c foi c d embodiments. KT* cm*, KT* cm^, l(r' cm*. KT** cm*, or ICT*** cm* In 

The invention is described hoein for purposes of iUus- 40 a preferred embodiment, the regions are between about 

tcotion primmily with regard to the p j qj aiatl on of ptptides 10x10 pm and 500x500 pm. According to some 

and nudootides, but could readily be ^^riied in the prepa- embodiments, the masks are arranged to produce a check- 

ictioo of other polymers. Such polymers inchide, for erboard array of polymcn, although any one of a variety of 

esuiaqde, both liiuar and cydic ptdymers of nucleic £cids, geometric oonfiguradoos may fate utfliTffd 

pfrtysccciiarides, phospbolqnds, and peptides having either 45 1. Example 

a-, or OKimino odds, beterc^ratlymcrs in which a known In one exaiiq>le cf the inventioii, free amino gFC»ps were 

drag is covalentty bound to any of the above, polyurethanes, fluoresccntly labelled by treatment of ttie entire substrate 

polyesters, polycarbonates, polyureas, polyamides, surface with fluorescein isodiiocynate (ITTC) after photo- 

polycthylendmines, polyorylene sulfides, polysiloxaikes, deprotection. Glass microsoope slides were rlcflnrd, ami- 

potyimidcs, polyocttatcs, or other polymers ix^iich wiD be so nated by treatment with 0.1% aminopropyltriethoKysilane in 

qiporent upon rtrview of this disdosure. It wiU be recog- 95% ethanoi, and incubated at 110° C for 20 min. The 

niZBd further; that illustrations herein are primarily with ^r""^*^ surface of ttw slide was then exposed to a 30 mM 

reference to C- to N-temdna] synthesis, but the invention solution cf the N-hydroxysncdnimide ester of NVOC- 

oottld readily be applied to N- to C-laminal synthesis GABA (mtroveratryloocycarbonyl-^-amino butyric add) in 

without dqicoting firam the scope of the invention. 55 DME The NVOC protecting groiq> was photolytic&lly 

A. Deprotection and Addition removed by imaging the 365 nm ou^mt from a Bg arc lamp 

The present invention uses a masked light source (a* other through a chrome on glass 100 pm checkertx)ard mask onto 

cctivotor to direct the ^imnltnnrfms synthesis of many dif- the substrate for 20 min at a power density of 12 mW/on*. 

fetent diemicol conqtounds. FKj. 1 is a flow chart iUnstrat- The e^qiosed surface was then treated with 1 mM FTFC in 

ing the process of fosming diemical confounds according 60 DMF. The substrate surface was scanned in an cpi- 

to one embodiment of the invention. Synthesis occurs on a fluorescence microso^ (Zeiss Axioskop 20) using 488 nm 

solid support 2. Apattem of illumination through a mask4<i exdtaiion from an argon ion laser (Spectra^liysics model 

using a tight source 6 determines wtuch regions of the 2025). The fluorescence emission above 520 nm was 

soppost are activated for chemical coi^Ung. In one prcfcrrod detected by a cooled pfaotomulriplier (Hamamatsu 945-02) 

en^bodiment activation is aocomplisbed by using light to 65 operated in a photon counting mode. Huoresoence intensity 

remove photolabile protecting ffonsps frcm selected areas of was translated into a color <fisplay with red in the highest 

fee substrate. intensity and black in the lowest intensity areas. The |scs- 
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cnce of a Mgb-Gootiast flucffcsceot checlceiboaid pattern of mean intensity of sixteen YGC^L synthesis sites was ZQ3x 

100x100 elements revealed that free amino groups were IC^ counts and the standanl deviation was 9.6x10^ counts, 

generated in specific regions by spatiaQylocalized i^oto- jj^ Synthesis 

dcprotection. ^ Reactor System 

2. EXAMFLE J yjQ^ 4 scfaanatically illustrates a dervice used to synthc- 

FKj. 2 is a flow chart illustrating another csanqsle of the sixe diverse polymer sequences on a substrate. The 

inventictt. Cazboxy-activated NVOC-leodne was allowed to substrate, the area of synthesis, and the area for synthesis of 

react with ao aminated substrate. Hie carboxy activated each individual polymer could be of any size or shape. For 

HOFT ester of leucine and olher amino adds used in this exam^e, squares, eU^oids. rectangles, triangles, drdes. or 

synthesis was formed by mixing 0.25 mmol of the NVOC lO poitions theroof , aloog with imcgul^ geometric shapes may 

amioo protected amino acid with 37 mg HOST be utilized. Duplicate synthesis areas may also be qvplied to 

(l-hydroxybenzotriazole). 111 mg BCX* (bcnzotiiazolyl-D- a single substrate for purposes of redundancy, 

oxy-tris (dimethylamino)-phosphooiumhexa- In one embodiment, the predefined legiotts on the sub- 

fluorophospbate) and 86 (il DIEA(diisopropyleth^amine) in strate wiU have a surface area of between about 1 cm^ and 

2^ ml DMF. The NVOC protecting groiq> was removed by is 10~^cm^. In some embodiments the regions have areas of 

uniform illumination. Carboxy- activated NVOC- less than about 10~* cm^ IC* cm^ 10"'cm^ 10^ cm^ 10^ 

phenylalanine was cotq)led to the exposed amino grDtq>s for cm*, IT^ cm*, KT'on*, 10^^ cm'. KT* cm' or ICT'** cm*. 

2 hours at room tenqicrature, and then washed with DMF In a prefer red embodiment, the regions are between about 

and mettiylcne chloride. Two unroasked cycles of photo- 10x10 pm. 

deprotection and coupling with caiboxy-activated NVOC- 20 in some embodiments a single substrate suj^xnts more 

glycine were carried out The surface was then iUuminated than about 10 different monomer sequences and perferahly 

through a cbromc on glass 50 pi chechezboard pattern mastL more than abo^ 100 different monomer sequences, although 

Carboxy-activated Na-tBOC-0-tBu^l-L-t>rosine was then in some embodiments more than about lO', 10^, lO', lO', 

added. The entire surface was unifcamly ilhrminarrd to 10^, or 10" difiercnt sequences are provided on a substrate. 

I^otolyze the remaining NVOC grotq^s. HnaUy, cart>oxy- 25 Of course, within a region of the substrate in which a 

activated KVOC^Lrfxdific was added, the NVOC group monomer sequence is synthesized, it is preferred that the 

was removed by illumination, and the t-BOC and t-batyl monomer sequence be substantially pure. In some 

protecting groups were removed with TFA. After removal cf embodiments, regions of the substrate contain polymer 

the ps^otecting groups, the surface consisted of a 50 pm sequences whidi are at least about 1%, 5 10%, 15%, 20%, 

checkerboard array of T^r-Gly-Oly-Phe-Leu (YGGFL) 30 25%, 30%. 35%. 40%. 45%, 50%, 60%, 70%, 80%, 90%, 

(Seq. ID No: 1) and Pro-Gly-Gly-Phe-Leu (PGGFLXSeq. ID 95%, 96%, 97%, 98%, ot 99% pure. The device includes an 

No:2). automated peptide synthesizer 401. The automated peptide 

B. Antibody Recognition synthesizer is a device which flows selected reagents 

In one preferred embodiment the substrate is used to through a flow oeU 402 under the direction of a conqniter 

dctcnnine wtiicfa of a plurality of amino add sequences is 35 404. In a preferred embodiirtent the synfliesizer is an ABI 

recognized by an antibody of interest Pqitide Synthesizer model no. 431A.The conqHita may be 

1. EXAMPLE selected firom a wide variety of counters ox discrete logic 

In one example, the array of pcntq)cptide3 in the exanople including for, exan^le. an JBM FC-AT or stmtlar cooqniter 

illustrated in FIG. 2 was probed with a mouse noonoclonal linked with sfpro^natc internal control systems in the 

antibody directed agaiiist ^Ddoq>hin.This antibody (called 40 peptide sy n theaze r . The PC is provided wifli signals from 

3E7) is known to bind YGGFL and YGGFM (Seq. ID the board computer indicative of, for rxantple, the end of n 

No:21) with nanomolar affinity and is discussed in Meo et coupling cyde. 

aL. Prva NatL Acad. Sd. USA (1983) 80:4084, which is Substrate 40$ is mounted on the flow cell, fonning a 

incorporated by reference herein for all purposes. This cavity between the substrate and the flow cdL Selected 

antibody requires the amino tenninal tyrosine for high 45 reagents flow through this cavity from the pq)tide synthe* 

afiSnity binding. The array of pqxides formed as described sizer at selected times, farming an array of peptides on the 

in FIG. 2 was incubated with a 2 pg/ml ntouse monoclonal face of the substrate in the cavity. Mounted above Ifae 

antibody (3E7) known to recognize YGC91* 3E7 docs not substrate, and preferably in contact with the substrate is a 

bind PGGFL A second incubation with fiuoresceinated goat mask 408. Mask <108 is transparent in selected regions to a 

anti-nkouse antibody labeled the regions that bound 3E7. The so selected wavdengtfa of light and is opaque in other regions 

surface was scanned with an epi-fiuorescence microscope. to the selected wavelength of light The mask is illuminated 

The results showed alteniating bdght and dark 50 ^m with a light source 410 such as a UV light source. In one 

squares indicating that YGGFL and PGGFL were synthe- specific embodiment the light source 410 is a model na 

sized in geometric array determined by die mask. A high £2420 made by OiieL The maskis held and translated by an 

contrast (>12:1 intensity ratio) fluorescence dieckerboard 55 x*y-z translation stage 412 such as an x-y translation stnge 

image shows that (a) YGGFL and PGGFL were synthesized made by Newport Corp. The coa^niter coordinates action of 

in alternate 50 ^m squares, (b) YGGFL attached to the the peptide synthesizer, x-y translation stage, and light 

surface is accessible for binding to antibody 3E7, and (c) source. Of course, the invention may be used in some 

antibody 3E7 does not bind to PGC31- embodiments with translation of the substrate instead of the 

A three-dimensional rqsesentation of the fluorescence 60 mask, 

intensity data in a portion of the cfaeckboard is shown in FIG. In operation, the substrate is mounted on the reactor 

3. This figure shows that the border between synthesis sites cavity. The slide, with its surface protected by a suitable 

is sharp. The height of each spike in this display is linearly photo removable protective group, is ejqMsed to Ugbt at 

prc^xHtional to the integrated fluorescence intensity in a 25 selected locations by positioning the mask and illnmin?iting 

pm pixel. The transition between PGGFL and YGCH^ 65 the light source for a desired period of time (such as, for 

occurs within two qrikes (5 |un>. There is little variation in example, 1 sec to 60 min in the case of peptide synthesis), 

the fluorescence intensity of different YGGFL squares. The A selected peptide or other monomec/polyroer is punq>ed 
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through the icector cavity by the peptide synthesizer far in a synthesis region. A substrate fanned with mixtures of 

hitwting lit the selected locations on the snbstzate. After a cosq^oonds in vadous symbeds regions may be used to 

jflf ttwl reaction time (sudi as about 1 sec to 300 min in the peifonn, for example, an initial screening of a large number 

case of peptide resctioos) of the monoma' is washed from ^ conqwands, after which a smaller nnmber of compoonds 

the system, the mask is mm-opriately repositioned ox 3 in regions which exhibit high binding affinity arc further 

Tcpi^ and the cydc is rq)cated. In most endKKhments of Similar resute may te obtained by oti^ partiaUy 

ttein^n^iecctionsinaTteconduct^ 0iotyh2mgairgion,^g afet^nomcr.nHAo^ 

». 7 regitm, and cxposmg the region to a second 



Sajnd Sfc are flow darts of the sotevare ns^ m ^ ^ g^^^^^^ 
cpcn^n of Ac re*cta syaan. At step ^ fee pqrtide lo ^ ^ Ughtnlirected Seal synthesis, the products 

synthesis software is init iali T rd. At step 504 the system fonncd (tendon the pattan and criei of masks, and on the 

calibrates positionas on the x-y translation stage and begins order of reactants. To make a set of products toercwfllin 

a main loop. At step 5Ci the system determines which, if general be *V possiMc masking schemes. In prcfcncd 

any, cf the fonctionlQeysoo the oonqmter have been fHcssed. embodiments of the invention hezein a binary syitfbesis 

If Fl has been pressed, the system pran9)ts the user for input i5 $trategy-is utilized. The l^onary synthesis strategy is illus- 

of a desired syndesis process. If the usa enters F2, the tatcd boon primari ly with r^ard to a masMng strata, 

system allows o user to edit a file for a synthesis process at although it will be iq9|dic2sble to other polynkcr synthesis 

step If the user enters F3 the system loads a process strategies such as die pin strat^. and the like, 

from a disk at stq) 512. If the user enters F4 the system saves ^ binary synthesis strategy, the substrate is irradiated 
on entered or edited process to disk at step 514. If the user 20 with a fint mask, exposed to a first building Uock, irradiated 

selects F5 the current process is displayed at step 516 while ^ second mask, eaqratsed to a second buflding block, etc 

selection of FS starts the main portion of the program, te., pa/^ combination of mas&ed irradiation and exposure to a 

the actual synthesis acwading to the selected poccss. If the building Mock is referred lo herein as a -cyde." 

user selects F7 ihc system disjE^ays the location of the In a pref coed binary masking scheme, the masks far each 
synthesized peptides, while pressing FIO reams the oser to 25 cydeallowirxadiationofhalf of a region of interest on the 

the disk (qwnting system. substrate and protectioo of the remaining half of the region 

FIG. Sfr illustrates the symhesis step 518 in greater detail intaest By *%air it is intended herein not to mean 

The main kx^ of the program is started in which the system exactly one-half die region of intoest, but instead a large 

first moves the mask to a next position at step 526. During ftaction of the region of interest such as from about 30 to 70 

the main loop of the pto^am, necessary chemicals flow 30 percent of the region of intzxcst It will be understood that 

(tuough the recction cell under die direction of die on-board cmtt majtHng scheme need not take a binary fosm; 

computer in the peptide synthesizcL At step 528 the system instead non-binary cydes may be introduced as desired 

then waits for an exposure command and. upon reodpt of die between binary cydes. 

exposure ctmunand exposes the substrate for a desired time In preferred embodiments of die binary masking sdteme, 

at stq) 530. Whea an acknowledge of exposure con9)lcte is 33 a given cydc illuminates only about half of the region whidi 

received at step S32 the system determines if the process is illmninated in a previous cyde, while {ffotecting the 

0Qn9)lete at step 534 and, if so, waits for additional keyboard remaining half of the ai»Tnin«tr^ portion from the previous 

iiqnitatstq>S35 and, rtioeaftcr, exits thcpafoim synthesis Convcrsdy, in sudi prefgr ed embodiments, a given 

process. cyde illuminates half of the region wfaicfa was protected in 

A con^Kitcr program used for qjcration of die system 40 ^ previous cyde and protects half the region which was 

described above is induded as microfiche A|^>endix A protected in a previous cyde. 

{Capyti^ 1990, Affymax Technologies N.V., aU righU synthesis strategy is most readfly illustrated and 

reserved). The program is written in Turbo C++ CBorland handled in matrix notation. At each synthesis site, the 

Int'l) and has been imidcmented in an IBM con^Mtible detezminationofwhemeTtoaddagivcnmonamerisalnncry 

system. The motor control software is £dJ^ from software 45 process. Therefcae, each piodud element is given by the 

produced by Newport Cotpoistion. It will be recognized that ^ product of two vectors, a chemical readant vector, eg., 

a kJge variety of programming languages could be utilized CHA3,CD], and a hdnary vector Oy. Inspection of the 

without deputing from the scope of the invention herein. pr<iucts in tfie example bdow for a four-step synthesis. 

Certain calls are made to a grqrfucs i^ogram in Ttogram- ^^^^^ ^ ^ four-stq) synthesis a/a[l,0,l»OJ, 0^1,0, 

mst Guide to PC and PS2 Video Systems" (Wilton, 50 o,l], 0^(0,1.1,0], and 04=10,1.0,1), where a 1 in<ficatcs 

MiaDs<rft ftcss, 1987), whidi is incorporaied herein by iflunrination and a 0 indicates protection. Therefore it 

rcfticnce for aU purposei. becomes possible to build a **switdi matrix- S from the 

Alignment of the maskis achieved by one of two methods column vectors q, (f= 14c where k is the numbtr of froduds). 
in prderred embodiments. In a first embodiment the system 

relies upon relative ftHgnwiffnt of the various oon^raoents, 55 oj ox 
wfatcfa is nonnally acceptable since x-y-z translation stages 
ere capable of suffident accuracy f<s the purposes hcrdiL In 
alternative Hnb^'m^ntif aligm&ent marks on the substrate 
oe oou{ded to a CCD device for ap^upi iate alignment 

Acocffding to sonic embodiments, pure reagents are not 60 
added at each step, car con^lete fdiotolysis of the protective 

gnnqn is not provided at each step. According to these The outcome P of a synthesis is simply P=CS, the product 

einbodtmcnts, multiple products will be formed in each of die chemical reactant matrix and the switch matrix, 

synthesis site. For rx ample, if the monomers A and B arc The switch matrix for an n-cyde synthesis yielding k 

mixed during a synthesis step. A and B will bind to dqsro- 65 products has n rows and k colunms. An imp(»tant attribute 

tccted regions, roughly in pftyuiti on to their concentration of S is that each row specifies a mask. A two-dimensional 

in solution. Hence, a mixture of oonqMunds will be fooned mask ro^ for the jth chemical st^ of a synthesis is obtained 
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directly &om the jtii low of S by pladng the elements Sy,, . locations on Ibe substrate are siiiq}iy defined by the coiomns 
. . Sj^ into, for cxao^ie, a square fomat The particular of the switch matrix (the first colmnn indicating, for 
auangement below provides a square fcHxnat, although lin- exan^le, that the product ABCD will be present in the upper 
ear or other arrangenoents may be utilized. left-hiind location of the substrate). Purthetmore, if only 

3 selected desired products are to be-made, the mask sequence 
'11 12 So '14 can be derived by extracting the columns with the desired 

Sis »n »a tjA m 'fi sequences. Fcff example, to form the jHoduct set ABCD. 

ABD, ACI>t AD, BCD, BD, CD, and D, the mashs arc 
formed by use of a switch matrix with only the Isc 3rd, 5th, 
'41 *c *o «4« 10 7th, 9th. 11th, 13th, and 15th cohmms arranged into die 

switch matrix: 

Of course, compounds formed in a iight-activsted syn- 
thesis can be positioned in any defined gcametdc array. A i i i i 0 0 0 0 
square or rectangular matrix is convenient but not reqo^cd. i i o o 1 i 0 o 
The rows of the switch matrix may be transformed into any ^ ^'^i o i 
convenient airay as long as equivalent transformations are 
used for each row. 

Foot example, the masks in the four-stq> synthesis below 
are then denoted by: To form all of the polymers of length 4, the reactant matrix 

fABCDABCDABCDABCD]is used. The switch ma&ix win 
1 1 _o 0 1 0 _o 1 ^ be formed from a matzix of the binary mucbexs from 0 to 2^^ 

"'"o o"^~t i"^*! o"**~o 1 ananged in columns. The columns luwing four naonomcn 

are than selected and arranged into a switdi matrix, 
where 1 denotes iDumination (activation) and 0 denotes no Thcrcf<»e, it is seen that the binary switch mattix in general 
illumination. wiU provide a rqsresentatton of all the products which can 

The matrix rqiresentation is used to generate a desired set bc inade fixan an n-step synthesis, from v^iich the desired 
of products and product maps in prr f """^ embodiments. products are then extrected. 

Farh oon^xHind is defined by the product of the chemical the rows of the binary switch matrix win. in jutfeued 
vector and a particular switch vector. Therefore, for each embodiments, have the property that each masMng step 
synthesis address, one sinqjly saves the switch vector, illuminates half of the synthesis area. Each maslring stq> 
assembles all of them into a switch matrix, and extracts ead> ^ abo factors the preceding masldng step; ttiat is, half of ttte 
of the rows to form the masls. region that was iUumtnated in the preceding stq> is again 

In some cases, particular (ffoduct distributions oramaxi- illuminated, whereas the other half is not.Half of theregiott 
mal number of products are desired. For exan^e, for that was unilluminated in the preceding step is also 
Of A3,CD], any switdi vector (o^ consists of four bits. illuminated, whereas the ottier half is not Thus, masldng is 
Sixteen four-bit vectors exist Hence, a T»aTinmm of 16 ^ recio'sive. The nasks are constructed, as described 
different products can be made by sequential addition of the previously, by extracting the elements of each row and 
reagents [A3tC J)]. These 16 column vecton can be placing them in a square array. For exan^le, the four masks 
assembled in 16! diffoent ways to fofm a switch matrix. The in S for a four-step synthesis are: 
order of the colnnm vectors defines the ""<*"ng patterns, 

and, therefore, the spatial ordering of products but not their ^ l i i i i l i i 

makeiq). One ordering of these columns gives the following _iiii oooo 

switch matrix (in which ^^null" (6) additions are included in '"'~o o o o'^'^i i i i 

lirackets for the sake of coo^leteness, although such null oooo oooo 

additions are elsewhere ignored hereiD): 

45 11001010 
110 0 1010 
"^""l 1 0 o'^°i 0 1 0 
110 0 10 10 

JO 

The recursive factoring <tf masks allows die products of a 
light-directed synthesis to be rc^aesented by a polynomiaL 
(Some tight activated syntheses can only be denoted by 
irreducible, i.e., prime pdyuomials.) For example, die poly- 
nomial corresponding to the tcp synthesis of FIG. 9a 
(discussed below) is 

IKA+BXC +D) 

The columns of S according to this aspect of die invention 

are the binary representations of the numbers 15 to 0. Tlie A reaction polynomial may be expanded as though it were 

sixteen products of this binary synthesis are ABCD, ABC, 60 analgehraicexpression,iHOVidedthattheaider of joining of 

ABD. AB. ACD, AC AD, A. BCD, BC, BD, B. CD, C, D, reactants and is preserved (XjX^ aSX^Xj), ic^ the 

and 6 (null). Also note diat each of the switch vectors from products are not commutative. The product then is AC-kADi- 

the four-step synthesis masks above (and hence the synthesis BC+BD. The polynomial explicitly specifics the reactants 

products) are {resent in die four bit binary switch matrix. and iiiq)licitly specifies the ma&kfor each step. Eadipair of 

(See columns 6, 7, 10, and 11) 65 parentheses drmarcates a round of synthesis. The chemical 

This synthesis procedure provides an easy way for map- reactants of a round (e.g., A and B) react at nonovcriqiping 

ping the completed products. The jH-oducts in die various sites and hence caimot combine with one other. The syntbe- 
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IS 

sis niea is divided equally amongst the elements of a round 
(cQ^ A is directed to one-half of the area and B to the other 
hatf). Hence, the maslcs fox a round (eg., the maslcs na^aod 
mB) arc cnhogonal and farm an osthononnal set The 
potyoomial notatioai also signifies that each element in a 
round is to be joined to each element of the next round (e.g.. 
A widi C, A with D, B with C and B with D). This is 
ccooRnpiished by having mc overiap an m^ equally, and 
likewise f<a m^^ Because C and D are elements of a round, 
mc zuid tOq est orthogonal to each other and fozm an 
dthoDoimal scL 

The polynomial repesentatioo of the Mnaiy syn&esis 
described above, in which 16 products are made from 4 
ceoctants, is 

which gh^es ABCD, ABC, ABD, AB, ACD, AC, AD, A, 
BCD. BC BD, B, CD, C, D, and 0 when expanded (with the 
rule that 6XnX and X&=X and remembering that joining is 
ordered). In a binary synthesis, each round contains one 
recctant and one nuQ (denoted by 6). Half of the synthesis 
oca receives the leactant and the other half receives nothing. 
Each mask ovcri^ every other mask equally. 

Binary rounds and non-binary rounds can te interspersed 
AS desired, as in 

The 18 compounds formed are ABCE, ABCT, ABCG, 
ABD£ ABDF, ABDG, ABE, ABF, ABG, BCE, BCF. BOG. 
BI^ BDF. BDG. B£, BF, and BG. The switch matdx S for 
this 7-step syndiesis is 

111111111000000000 

llltllllllllllllll 

lllOOOOOOlllOOOOOO 
5=0 001 1 100 000011 1000 
100100100100100100 
OlOOlOOlOOlOOlOOlO 
OOlOOlOOlOOlOOlOOl 

The round denoted by (B) places B in all products because 
the recction area was unifcimly activated (the mask for B 
coasisted entirely of Ts). 

The number of compounds k foiroed in a synthesis 
consisting of r rounds, in which the ith round has b, dicmical 
recctants and Zf nulls, is 

and the number of chemical steps n is 

The number of conqraunds synthesized when b=a and ^ in 
oil rounds is a'^, compared with 2* for a binary synthesis. 
For 0=20 and €^5, 625 conqraunds (all tetramoos) would be 
foimed, oonqured with 1.049x10^ oonqxnuds in a binaiy 
synthesis with the some number of chcmica] steps. 

B should also be noted that rounds in a polynomial can be 
pTStcd, as in 

<A+<B4«XC4«XI>^ 

The products arc AD, BCD, BD, CD, D. A, BC, B, C, and 
9. 

Binary syntheses are attractive for two reasons. First, they 
generate the maximal number of products (2*) for a given 
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number of chemical steps (n). For four reactants, 16 com- 
pounds are formed in the binary synthesis, whereas only 4 
are made when each round has two reactants. A lO-step 
binary synthesis yields 1.024 conqKtunds, and a 20-step 

5 synthesis yields 1,048J76. Second, products formed in a 
binary synthesis are a con^lete nested set with lengths 
ranging from 0 to n. AH con^KMinds that can be foxmed by 
HH^ng one <a more units from the longest j^odnct (the 
n-mer) are present Contained within the binary set are the 
smaller sets that would be formed from the same reactants 
using any odier set a£ masks (eg., AC AD, BC and BD 
farmed in the synthesis shown in FIG. 6 are present in the 
set of 16 fdnned by the binary synthesis). In some cases, 
however, the expezimentaify achievable spatial resolution 
may not suffice to accommodate all the compounds farmed. 

^ Therefore, practical limitatioQS may require one to select a 
particular subset of the possible switch vectors for a given 
synthesis. 

lexamuje 

FIG. 6 iUttstrates a synthesis with Ixinary masking scheme. 

20 The binary masking sdieme provides the greatest number of 
sequences for a given number of cycles. According to diis 
embodiment, a mask ml allows illumination of half of the 
substrate. The substrate is then exposed to the buflding Uock 
A, which binds at the illuminated regions. 

25 Thereafter, the maskm2 allows illumination of half of the 
previously illuminated region, while protecting half of ttic 
previously fllnminatrd region. The building block B is then 
added, windb binds at die illuminated regions from m2. 
The process continues with masks m3, and mS, 

30 resulting in the product array shown in die bottom portion of 
the figure. The process generates 32 (2 raised to tite power 
of the number of monomers) sequences with 5 (the number 
of monomers) cycles. 
2.BXAMPLE 

35 FIG. 7 illustrates another preferred binary m^<Hng 
scheme which is refeired to herein as the gray code ™^"g 
scheme. According to this embodiment, the masks ml to m5 
are selected such ttiat a side of any given synthesis regicm is 
defined by the edge of only one mask. The site at which the 

40 sequence BCDE is formed, for exan^le, has its right edge 
defined by mS and its left side foimed by mask wA (and no 
other mask is aligned on the sides of this siteX Accordingly, 
{ffoblems oeatcd by misalignment, difiiisioD of light under 
the mask and die 12ce will be minimiTrd 

45 3. EXAMPLE 

FIG. 8 illustrates another binary masking schen&e. 
According to this scheme, rcfcirod to herein as a modified 
gray code masking scheme, the number of masks needed is 
minimized. For ffxamplr, the m«-<*f m2 could be the same 

SO mask as ml and simply translated laterally. Similazly, the 
mask m4 could be iht saott as mask id3 and Mny ly 
translated laterally. 
4. EXAMPLE 

' A four-stq> synthesis is shown in FIG. 9a, The reactants 
35 are the ordered set {A3.CJ>}. In the first cyde, illumination 
through mj activates the upper half of the synthesis area. 
Building block Ais then added to give the distribution $02. 
muminatiott doough mask m, (which ecdvates the lower 
half), followed by addition of B yields die next intermediate 
60 distribution &i4. C is added after illumination through m^ 
(which activates the left half) giving the distribution $041, 
and D after illumination through m4 (which activates the 
right half), to yield the final product pattern 608 (ACAD, 
BC3D). 
65 5. EXAMPLE 

The above masking strategy for die synthesis may be 
extended for all 400 dipcpddes from the 20 naturally occur- 
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rin g amino adds as shown in FIG. 96. Hie synthesis oonsisU of the controls needed to assess the fidelity of a synthesis, 

of two rounds^ with 20 phc^olysis and chemical coupling For example, the fluocescence signal from a synthesis area 

cycles per round. In the first cycle of roond h jnask 1 nominally containing a tetrapcptideABCD could come fi'om 

activates Vntfa of the substrate for coupling with the first of a tiqKptide deletion in^Kidty such as ACD. Such an artifact 

20 amino adds. Nineteen subsequent iUumination/coiq>ling s would be ruled out by the finding that the fluorescence 

cycles in round 1 yidd a substrate coosisting of 20 rcctan- intensity of the ACD-site is less than that of the ABCD site, 

guiar stripes each bearing a distinct member of the 20 amino The fifteen most highly labelled peptides in the array 

adds. The rhaslcs of round 2 are peq>endicular to round 1 obtained with the synthesis of 1,024 peptides described 

masks and therefore a single illumination/coupling cyde in above, were YGAFLS (SEQ. ZD NorS), YGAFS (SEQ. ID 

round 2 yields 20 dq)cptides. The 20 illumination/coupling lo No:6)» YGAFL (SEQ. E) No^, YGGFLS (SEQ. ID No:8), 

cydcs of round 2 complete the synthesis of flie 400 dipep- YCjAF (SEQ. ID No:8X YGALS (SEQ. ID No:9), YG<jFS 

tides. (SEQ. ID No:10X YGAL(SEQ. ID No;Il), YGAFLF (SEQ. 

6. EXAMPLE ID No:12), YC3AF (SEQ. ID No:13), YGAFF (SEQ. ID 

The powcx of die binary masMng strategy can be a^ffc- Nb:14). YGGLS (^Q. ID No:I5), YGGFL (SEQ. ID 

Hat^ by the outcome of a 10-step syn&esis that produced is No:16X SEQ. ID Ho: 17), and YGAFLSF (SEQ. I fifteen 

1,024 peptides. The polynomial expression for this 10-step begin with YG. wbidi agrees with pieivious wo± showing 

binaiy synthesis was: that an amino-terminal Qrosine is a Icey dcterminaDt of 

binding. Residue 3 of this set is A ox G, and residue 

(M)(Y4«)CG*«XA+«XG^4«)(F4«XU«x&+«XP^ 4 ^ F or L. The exdusion of S and T from these 

Each pqitide occupied a 400x400 (on square. A 32x32 20 positions isdcar cut The finding that the pnf erred sequence 

peptide array (1,024 peptides, induding the nuUpqjtide and is YG (A/G) (FA.) fits nicely with the outccme of a study in 

lOpqitides of Isl, and a limited number of duplicates) was which a very large litsary of pqitides cm phage generated by 

dearly evident in a fluorescence scan following side group reoosihinant DNA methods was screened for binding to 

deprotection and treatment with the antibody 3E7 and fiuo- antibody 3E7 (see Cwirla et aL, Proc. NatL Acad. Sd. USA. 

resdnated antibody. Each synthesis site was a 4(X>x400 pm 23 (1990) 87:6378, incorporated herein by reference). Addi- 

squarc. tional binary syntheses based on leads from pqitides on 

The scan showed a range of fluosesccnce intensities, from phage experiments show that YGAFMQ (SEQ. ID No: 18), 

a background value of 3300 counts to 22,400 counts in' the YGAFM (SEQ. ID No:19), and YGAFQ (SEQ. ID No:20) 

fcrigbtest square (x=20, y=9). Only 15 compounds exhibited give stronger fluorescence signals than does YGGFM, the 

an intensity greater than 12300 counts. The median value of 30 immunogen used to obtain antibody 3E7. 

the anay was 4,800 counts. Variations on the above masking strategy will fae valuable 

The identity of each pqitide in the array could be deter- in certain circumstances. For example, if a ^'kemd'* 

mined from its X and y coordinates (each range from 0 to 31) sequence of interest consists of PQR separated from XYZ 

and the map of FIG. 10. The chemical units at positions 2, and that the aim is to synthesize pqnides in which these 

5,6, 9, and 10 are specified fay they coordinate and those at 35 units are separated by a variable number of different 

positions 1, 3, 4, 7, 8 by the X coordinate. All but one of the residues, then the kemd can be placed in each peptide by 

peptides was shoner than 10 residues. For example, the using a mask that has Ts everywhere. The pdynomifil 

peptide at xsl2 and y=3 is YGAGF (SEQ. ID No3) representation of a suitaUe synthesis is: 

(positions 1.6, 8, 9, and 10 are nuns). YGAFLS (SEQ. m ™>VRVA.aYB^vC40Yi>*«vXYYVZ^ 

No:4), the brightest dement of the array, is at x=20 and y=9. 40 (PKQKRXA+fiXB+flXC+exMXXXYXZ) 

It is often desirable to deduce a binding affinity of a given Sixteen peptides will be formed, ranging in length from the 

peptide from the measured fluorescence intensity. 6-mer PQRXYZ to the lO-mcr PQRABCDXYZ. 

Concepmally, the simplest case is one in rMdi a single Several other masking strategics win also find value in 

peptide binds to a univalent antibody molcaile. Tbc fluo- selected circumstances. By using a particular mask txtxc 

rcscence scan is carried out after the sUde is washed with 45 than once, two or more reactants wiU appear in the same set 

buffer for a defined time. The oixlcr of fiuaresoence inten- products. For exan^lc, suppose that the mask for an 

sities is then a measure primarily of the rdative dissociation g-stcp synthesis is 
rates of the antibody-pcptide con^lexes. If tiie on-rate 
constants are the same (eg., if they are diffiision-controUed), 



H ooooiiu 



the order of fluorescence intensities win oatrespond to the y) A iiiioooo 

order of binding affinities. However, the situation is some- ^ iwoiioo 

times more conqdex because a bivalent primary antibody qoxiooii 

and a bivalent secondary antibody are used. The density aS e loioioio 

peptides in a synthesis area coir es ponded to a mean scpa- F oioioioi 

ration of -7 nm, which would aflow mnltivalcnt antibody- 35 SiiiJ!!??? 

peptide interactions. Hence, fluoresceace intensities • 

obtained according to the method herein wiU often be a 

qualitative indicator of binding affinity. The products axe ACEG, ACFG, ADEG. ADFG, BCHH, 

Another impodtant consideration is the fidelity of synthc- BOH, BDEH, and BDFH. A and G always qypear together 

-sis. Deletions are pnxluced by incompl^ {rfiotodepiotection 60 because their additions were directed by the same masic, and 

or inoon^lete coi^ling. Tbe coupling yield per cyde in likewise for B and H. 

these experiments is tyi&caUy between 85% and 95%. C T .infrrr Selection 

Inqilementing the switdi matrix by masking is imperfect According to prefcircd embodiments the linker molecules 

because of light di&action. internal reflection, and scatter- used as an intomediary between the synthesized polymers 

ing. Consequently, stowaways (dtemical units that should 65 and the substrate are selected for optimum lengdt and/or 

nocbe on board) arise by unintended iUumination of regions type for inqsroved binding interaction with a reoeptoc 

dial should be dark. A binary synthesis anay contains many According to this aq>ect o( the invention diverse linkers of 
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vaxying length and/or type are synthesized for subsequent 
oitadiment of a Ugand. Through variations in the length and 
type of linhEr, it bccoiprs possible to optimize the binding 
interaction between an immrhntt-r^ Ugand and its icccptOL 

The degr ee of binding between a Hgand (peptide, 
inhibitor, hz^iten, drug, eta) and its receptor (enzyme, 
antibody, etc) wben one of the partners is immobilizod on 
to a substrate will in some cmbodinkeots dq>ead on the 
occesstbality of the leccpti^ in sotntiott to the immobilized 
ligand. The £ccessifaiHty in mm wiU depend on the length 
and/ox type of linbcr molecule employed to immobilize oac 
of the partners, ft e fcr re d ^n^^^iyp*^^* of the invention 
therefore eiqdoy the ULSIPS™ technology described 
herein to generate an array of, faefcrahly, inactive or inen 
linkers of varying length ocd/or type, using pbotochemic&l 
pnttecting groups to selectively expose different regions of 
(he substrate and to build vpon cfaeniica]ly*£ctive groiq>s. 

In tttc sijBplest cmbodimeiit of concept, the same unit 
is cstacfaed to the sohstrate in varying multq)les or lengdis in 
btown locations on (he substrate via VLSIPS™ techniques 
to genoste an axzay of ptdymcn of varying length. A single 
ligacd (peptide, drug, haptm, etc) is attached to each of 
them, and an assay is performed with the Knding site to 
evohuto the degree of binding with a ttcepux that is known 
to bittd to the Ugand. In cases where the linTfrr length 
impccts Hit ability of (he receptor to bind to the hgand, 
varying levels of binding will be observed. In general, (he 
linker which provides the highest hinrfing will then be used 
to Qssay other ligands synthesized in accordance with the 
techniques herein. 

Acoordittg to other embodiments the binding between a 
single ligand^reocptco'pair is evaluatedfor linkers of diverse 
TOfw^TPif sequence. Accordiog to these embodiments, the 
linkm are synthesized in an aoay in accordance with Ifae 
techniques herein and have different nbonomer sequence 
(and, qjtiosally, different lengths). Thereafter, all of the 
linker molecules are provided with a ligand known to have 
at least some Innding affinity for a given recqjtor. The given 
receptor is then exposed to the ligand and tanding affinity is 
deduced. Linker molecules which provide adequate binding 
between the ligand and receptor are then utilized in screen- 
ing studies. 
D. Frotectins Groups 

As discussed above, sdecttvcly removable protecting 
groups allow creation of well defined areas of substrate 
ffirfn^ having differing reactivities, fteferahly, the protect- 
ing grxn^ are selectivdy removed £tom (he surface by 
q^jlying a qwvifir activator, such as electromagnetic ratfia- 
txm of a specific wavelength and intensity. More preferably, 
the ^»cdfic activator exposes selected arras of surface to 
remove the protecting groups in the exposed areas. 

ftotecting ^oups of the |Hesent invention are used in 
conjunction with solid phase oligomer syntheses, such as 
pqjtide syntheses using natural unnatural amino acids, 
nucleotide syntheses using deoxyxibonudeic and libo- 
ttucletc acids, <digos£ccbaride syntheses, and dw like. Id 
cddition to protecting the substrate surface from unwanted 
leactioa. the protectittg groi^ hlodc a reactive end of the 
monomer to prevent self-polymerization. For instance, 
attachment of a protecting group to the amino terminus of an 
activated amino add, such as an N-faydrqxysuocinizmde- 
activated ester of the amino acid, pnvcnts the amino tenni- 
nns of one mon<Hner firom reacting with the activated esta 
portion of another during pqittde synthesis. Alteroativety, 
the protecting group nuiy be attzchod to the carboxyl group 
of an amino add to prevent reaction at this site. Most 
protecting groups can be attarhed to either tiie amino or die 
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carboxyl group of an amino add, and the nature of the 
chemiod synthesis will dictate which reactive group will 
require a protecting group. Analogously, marhmftnt of a 
protecting grotp to the 5*-hydroxyl group of a nucleoside 
i during synthesis using for example, pbosphate-triester cou- 
pling chemistry, prevents the S'-hydioxyi of one nucleoside 
from reacting with the 3'-activated phosphate-tricstcr of 
another. 

Regardless of the specific use, protecting groups are 
en^k^ed to protect a moiety on a molecule from reacting 
with another reagent I^oteding groups of the present inven- 
tion have the following characteristics: they prevent selected 
reagents from modifying the group to which they are 
attached; they are stable (that is, they remain attached to the 
molecule) to the syn&esis reaction conditions; they are 
removable under ccmditions lhat do not adversely affect the 
remaining structure; and once removed, do not react ai^^re- 
dably with the surface or surface-bound oligomer. The 
selection of a suitaUe protecting group will depend, of 
course, on the chemical nature of the monomer unit and 
^ oligomer, as well as the specific reagents they are to protect 
against. 

In a preferred embodiment, the protecting groi^ are 
pbotO££tivatable. The piopn ti cs and uses of photoreactive 
jffotecting oooqxmnds have been reviewed. See, MoGray ct 

^ aL, Ann, Rev. of mophys, and Biofkyt. Chem. (1989) 
18:239-270, which is incoq>o(ated herein by r e f er en ce. 
Preferably, the i^iotosensitive protecting groups will be 
removable by radiation in the ultraviolet (UV) or visible 
- portion of the dectromagnetic spectrum. More preferably, 

^ the protecting groups will be removaUe by radiation in die 
near UV or visible portion of the spectrum. In some 
embodiments, however, activation may be p er f armed by 
other methods such as localized heating, electron beam 
lithography, laser pumping, oxidation or rcductiott with 
microdcctrodes, aiul the like. Sulfonyl con^xxunds arc suit- 
able reactive groups for electroo beam lithogrq>hy. Oxida- 
tive or reductive removal is acconiplisbed by exposure of the 
protecting group to an electric current source, preferably 
using microdectrodes directed to the predefined regions of 

^ the surface which arc desired for activatioa. Other methods 
may be used in light of this disdosure. 

Many, althou^ not all, of the pfaotoremovable protecting 
groups win be aromatic compounds that absorb near-UV and 
visible radiation. Suitable photcn-emovable protecting 
groups are described in, for example, McOay et aL, 
Patchomik, 7. Amen Chem. Soe, (1970) 92 '.6333, and Amil 
et aL, y. Org. Chem. (1974) 39:192, which are incosporated 
herein by reference. 

A prefcffed dass of phoicremovable protecting ffoops 

^ has the general fonnula: 




60 where R^, R^, R^. and R^ independently are a hydrogen 
atom, a lower alkyl, aryl, benzyL halogen, hydroxyl, 
alkoxyl. thiol, thioethcr, amino, nitro, cartx>xyL formate, 
fonnaunido or {Aosphido group, or adjacent substituents 
(Lc, R*-R^, R*-R*, R'-R*) are substituted oxygen groups 

65 that together form an cyclic acetal or ketal; R' is a hydrogen 
atom, a alkoxyL alkyL hydrogen, halo, aryl, or alkenyl 
group, and tt=0 or 1. 
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A pscfoied protecting group, 6-iiitn)vcxatrylcxycarbonyl 
(NVOC), which is used to protect tfie annuo termiims of an 
amino add, for example, is fanned when and arc each 
a methoxy group, R^, R^ and R^ arc each a faydxogcn atom, 
and n»l: 




OMe 



Another prcfccred protecting group, 6-nitropipcFOQyl 
(NP), whidi is used for protecting the carboxyl terminus of 
an amino acid or the hydroxyl groop gS a nucleotide, for 
cxanqile, is foaned when R^ and togedicr form a meth- 
ylene acetaL, R^. R'* and R^ arc each a hydrogen atom, and 
B=0: 



NO2 





A most prcfezred protecting group, mclfayl-6-nitrovcratr^ 
(McNV), which is used for protecting the carboxyl Cenninus 
of an amino add or the hydraxyl group of a nucleotide, for 
cunqtle. is fanned when R^ and R' arc each a methoxy 
group, R^ and R* are each a hydrogen atom, R' is a methyl 
group, and n=0: 
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A pt e feu ed protecting group, 6-nitrovcratiyl (NV). which 
is used for protecting the caiboxyl tg™i«'i« of an amino add 
or die faydroxyi group of a nudeotide, for exanqde, is 
fonned when R^ and R^ are each a methoocygroup, R^, R*^ 
and R^ are each a hydrogen atom, and tt=0: 




10 



Another most prcfctred protecting group, methyl-6- 
nitxoveratryloxycaibonyl (MeNVOC), wfaidi is used to pro- 
tect tbc amino terminus of an amino add, fct cxas^e, is 
fomied when R^ and R^ arc each a methoxy ffoop, R^ and 
R^ arc each a hydrogen atom, R^ is a methyl group, and B=l: 
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Another preferred protecting group, 
6-nitropiperony!oxycarfaonyl (NFOQ, whidi is used to pro- 
tect the amino tenninus of an amino add, for cxanq>le, is 
fonned when R^ and R' together form a mettiylene aoctal, 
R^, R^ and R^ are each a hydrogen atom, and n^l: 



Mc NO2 




O 
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Another most prefened f^otecting group, methyl-6- 
nitn^xqieronyl (MeNP), wfaidi is used for protecting the 
carbox^ tenninus of an amino adder the hydroxyl gn>^> of 
a nudeotide, for ezaiaple, is farmed when R^ and R^ 
together form a methylene acetaL, R^ and R^ are cadi n 
hydrogen atom, R^ is a methyl group, and n=0: 




Another most prefened protecting groq>, methyl-6- 
nitro pip cronyloxycarfaonyl (MeNPOQ, whidi is used to 
protect the amino terminus of an amino add, for example, is 
f (nmed when R^ and R^ together form a methylene acetal, 
R^ and R'^ are each a hydrogen atosn, R^ is a metfa^ groq), 
and 0=1: 




^ A protected amino add having a photoactivatabie oocy- 
caibooyl protecting group, sndi NVOC cr NPOC or their 
corresponding methyl derivatives, McNVOC or MeNFOC, 
respcctivdy, on the amino terminus is farmed by acylating 
the amine of tiie amino add with an activated ocycartranyl 

63 ester of the protecting gro^>. Exan^es of activated oxy- 
caibonyl esters of NVOC and MeNVOC have the general 
fannula: 
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NOz 





where Y is a halogen atom, a tosyl. mesyt triSuoromethyU 
10 azido, or diazo groap. and the like. 

Another class of preferred photochemical protecting 
groups has the f onnuia: 



15 



where X is halogen, mixed anhydride, phenoxy, 
p-mtrcphcooxy, K-hydroocysuccinimide, and the like. 

A protected amino ccid or nucleotide having a photoac- 
tivatDbie protectiag group, such as NV or NP or their 
coxrespoadiog methyl derivatives, McNV or McNP, 
respecdvdy, on the caiboxy tmninus of the amino acid or 
S'-faydnncy tominus of the nadootidc, is fcsmed by acylat- 
ing the cmboxy teimimis or ^-OH with an activated benzyl 
dedvative of the protecting group. Examples of activated 
benzyl derivatives of Me^fV and MeNP have the general 
fannula: 





o: 




25 whero RS R*, and R^ indcpcndendy arc a hydrogen atom, a 
lower alkyi, aryl, benzyl, halogen, hydroxy alkox}^, diiol, 
thioether, amino, nitro, carfooxyl, foimatc, formamido, 
sulf anates, sulfido or {^losphido groiq>, R*^ and R^ indepen- 
dently are a hydrogen atom, an alkoxy, alkyl, halo, aryl, 

30 hydrogen, or alkenyl groi^, and n=0 or 1. 

A preferred protecting group, 
1-pyrcnylmethyloxycarbonji (P>*0O, ^s^iich is used to 
protect the amino tciroiaus of an amino add, for example, is 
f<»ined when R' through R^ are each a hydrogen atom and 

35 11=1: 



o 

McNP-X 



where X is halogen, hydroxyl, tosyl, mesyl, tdflnormcthyl, 
diazo, azido, and the libc. 

Another mettiod for gencratisg protected monomers is to 
lecct the benzylic alcohol derivative of the protecting group 
with on activated ester of the monomer. F<s example, to 
protect the carboxyl terminus of an amino add, an activated 
ester of the amino add is reacted with the alcohol derivative 
of the protecting group, such as 6-iutioveratrol (NVOH). 
Esnn^les of octivstBd esters suitable for sudi uses indude 
hak>-foanate, mixed anhydride, imidazo^ farmater acyl 
holide, and also indudes f crmatioai of the activated csta in 
situ iSie use of common reagents such as DCC and the like. 
See Athcxton ct aL for other exan^les of activated esters. 

A fmtfaer method for generating protected monomers is to 
.xecct the benzylic alcohol derivative of the protecting group 
with im activated caibon of the monomei: For example, to 
protect the 5*-hydroxyl group of a nuddc add, a derivative 
having a S**activated carbon is reacted with the alcohol 
derivative of the protecting group, sudi as methylr6- 
ni tt up ip eronol (MePyROH). &aiiq>le$ of nodeotides hav- 
ing activatiDg groups attccfaed to the 5'-hydraxyl group have 
the general formula: 




Another preferred protecting group, 1-pyrenylmetbyI 
(PyR), whidi is used for protecting the carboxy tezroinus of 
^ an amino add or the hydroocyl group of a nudeotide, for 
example, is formed when R^ through R^ are each a hydrogen 
atom and n=^: 



55 




An amino add having a pyrenyimcthyloxycatb(Hiyl pro- 
65 tecting group on its amino terminus is fooned by acylation 
of the £ree amine d amino add with an activated oxycar- 
bonyl csta- of fte pyrenyl protecting group. Exanqiles of 
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activated oxycaibonyl esters of PyROC have the general 
fonnuU: 




where X is halogen, or mixed anhydride, p-nitFO|>henaxy. gt 
N-hydroxysucdniinide group, and flie lihe. 

A protected amino add or nucleotide having a photoac- 
tivataUe isotectiDg group, sncfa as PyR, on die cartxscy 
tw^nn< of the amino add or 5*-hydroDcy tetmifliis of die 
nudeic scid, respectively, is formed by acylating the car- 
boxy tmninns or with an activated pyrenylmethyl 
denvative of the protecting group. Examples of activated 
pyrenylmethyl doivatives of PyR have the general focmnla: 




NVOC-AA->3,4-dimethoxy-6-nitrosoben2aldchyde+ 
COj+AA 

McNVOC-AA->3,4-dimcthoxy-6-iiitrosoacct<q)henone+ 
CO2+AA 

3 where AA represents the N-tenninus of the amino add 
oligomer. 

Along with the utqaotected amino acid, other products are 
liberated into solution: carbon dioxide and a 23-dimcthoxy- 
6-fflirosqiheDykaibQnyl conqKmnd, which can react with 
nudeophilic pcstions of the (^omer to foxm unwanted 
secondary reactions. In the case of an NVOC-protecxed 
amino acid, the degradation product is a 
niirosobenzaldetiyde, while the degradaticHi product for the 
other Is a nitrosophenyl ketone. F<ff instance, it is believed 
that die product aldehyde £rom NVOC degradation reacts 
^ with free amines to form a Sdiiff base (imine) that affects the 
remaining polymer syiufaesis. IVefcEred photorcmovaUe 
protecting groups react slowly or revcrsibly widi the oUgo- 

pfif y OD St^)pGIt> 

Again not wishing to be bound by thecay, it is believed 
that the product betooe from irradiation of a MeNVCXI!- 
protected oligomer reacts at a slower rate with oudeopfailes 
on the oligomer than the pxxhict aldehyde from irradiation 
of the same NVOC-protcctcd oligomer. Although not onan^- 
tHguously determined, it is believed that this difference in 
reaction rate is due to the difference in general reactivity 
between aldehyde and ketones towards nudeophiles due to 
stcdc aitd electronic effects. 

The |Aot€removahle protecting groups of the present 
invention are readily removed For exanq)le, the photolysis 
of N-pootected L^enylalanine in solution and having dif- 
ferent photorcmovable protecting groups was analyzed, and 
the results are presented in the following table: 
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where X is a halogen atom, a hydraxyl, diazo, or azido 
group, and the like. 

Another method of generating protected monomers is to 
react the pyrenylmethyl alcohol moiety of the fsotccting 
group with an activated ester of the monomer. For mample, 
an activated ester of an amino add can be reacted with the 
alcohol derivative of the protecting group, such as pyrenyl- 40 
methyl alocAol (PyROH), to f oon the protected doivative of 
the carboxy terminus of the amino add. Examples of acti- 
vated esters in c lud e balo-fcsmate, mixed anhydride, imida- 
zoyl framatc, acyl halidc, and also indndes formation of the 
activated ester in situ and the use of common reagents such 45 
as DCC and the inr^. 

dearly, many photosensitive protecting groups are suit- 
able for use in the present invention. 

In preferred embodiments, the substrate is irradiated to 
remove the pbotoremovable protecting groups and create so 
regions having free reactive moieties and side products 
resulting from the protecting group. The removal rate of the 
protecting groups depends on the wavdengtfa and intensity 
cf the incident radiatioa, as well as the physical and diemi- 
cal properties of the protecting group itsdf. Pref encd poo- 55 
lecting groins are removed at a faster rate and with a lower 
intensity of radiation. For nample, at a given set of 
conditions. McNVOC and McNPOC are pbotolytically 
removed from the K-tcrminus of apeptide chain faster than 
tfadr unsubstituted parent conqxHrnds, NVOC and NPOC, 60 
rcspectivdy. 

Removal of the protecting group is accomplished by 
iiradiation to liberate the reactive group and degradation 
products doived from the protecting group. Not wishing to 
be bound by tfaeoxy, it is believed that irradiatiott of an 65 
NVOC- and McNVOC-protectcd oligomers occurs by the 
foUowing reaction schemes: 



TABLE 



ThotoWsb of Protected VVbc—OH 



Sohrm 



NBOC NVOC MfiNVOC McNPOC 



OtoauQC 1288 
5 xnM H^^Dismats 1575 



110 
98 



24 

33 



19 
22 



Ute half life, tl/2, is the time in seconds required to 
remove 50% of die starting amount of protecting group. 
NBOC is the 6-nitrobenzyloxyczrt>Qnyl groi^, NVOC is die 
6-nitroverBtryiaKycait>onyi group, MeNVOC is the methyt- 
6-nitrovcratryloxycaibonyl group, and MeNPOC is the 
mcthyl-6-nitropipero n yloxycarboayl group. The photolysis 
was carried out in the indicated solvent with 362^64 
nm-wavdength itradiatiott having an intensity of 10 
mW/cm^, and the cosicestration of each protected phenyla- 
lanine was 0.10 mM. 

The table shows that deprotection of NVOC-, MeNVOC-, 
and MeNPOC-protected phenylalanine jsoceeded faster 
dian the deprotection of NBOC Furthermore, it diows that 
the deprotection cf the two derivatives that are substituted 
on die benzylic carbon, McNVOC and McNPOC were 
pbotolyzed at the highest rates in bodi dioxane and acidified 
dioxane. 

1. Use of Photoranovable Groups During Solid-Phase 
Synthesis of Peptides 

Hie fonnation of peptides on a solid-phase support 
requires die stqiwise attadiment an amino add to a 
substrate-bound growing chain. In order to prevent 
unwanted polymerization of the monomcnc amino add 
under the reaction conditions, protection of the amino tcr- 
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ndnas of the amino add is required. After the moaGoner is 
ooupied to the end the pqnide, the N-tecmixtal protecting 
ffcfxp is removed, and another amino add is coi^led to the 
dmin. This cycle of ooui^g and dqirotecting is continued 
for eadi amino add in the pqitide sequence. See MemfiddL ^ 
J. Am. Chem. Soc. (1963) S5:2149, and Athcnon d aL, 
**So]id Rjase Peptide Synthesis" 1989, IRL Press, London, 
boah ittCGiparated herein by reference for all purposes. As 
described above, the use cf a pbotaroDovable protecting where B is the base attached to the sugar ring; R is a 
group aflows removal of selected portions of the substrate hydrogen atom when tiie sugar is deoxyribose R is a 
surfccc via patterned irradiation, during the dqrotection ^y^^] 5«^when the sugar is nbosc;P represents an 

^^toT^r^rr^^ ^g^STeWS^bVpr^tS^^^ 
sp^ control of the synthcsis-thc next ammo aad is is prefmbty NV, NP, P>fl^ Me^A^, Md^Tand ^ 
coupled only to the irradiated areas. described above. The activated fAosphorous groiq), P, is 

In one embodiment, the photoremovable protecting preferably a reactive derivative having a high ooupding 
groups of the present invention are attached to an activated effidency, such as a phosfrtsate-tiiester, pbosphoiajnidite or 
ester of an amino add at the amino taminus: Oth** activated phosphorous derivatives, as wdl as 

reaction conditions, are well Imown (See Gait). 
Y NH^X 20 ^ Amino Add N-Carbooty Anhydrides Protected With a 

Photoremovable Gro^ 

a During Mcnifield pepH&c synthesis, an activated ester of 

one amino add is coupled with the £cee amino temiinus of 
a substrate-bound oligomer: Activated esters of amino acids 
where R is the side chain of a natural or unnatural amino suitaUc for the soKd phase synthesis indude halcKfannate, 
cod, X is a photorcinovaible protecting group, and Y is an " mixed anhydride, imidazoyl fomate, acyl halidc, and also 
cctivBted carfooxylic add derivative. The photoremovable indudes fcnnation of the activated ester in dm and the use 
protecting group. X is preferably NVOC NPOC PjilOC, of oonomon reagents such as DCC and the lite (See Atherton 
MeNVOQ MeNFOC, and the like as discussed above. The et aL), A prefcoed protected anact activated amino add has 
cdivQted ester, Y. is preferably a reactive derivative having ^ the general f onnula: 
a high coupling effidency, such as an acyl balidc, mixed 
anhydride, N-hydroxysucdnimide ester, pcifluor(^enyl 
ester, or urethanc protected add, and the like. Other acti- 
vated esters and reaction conditions are well known (See 
Atherton et ai.X 35 xo n , 

2- Use of I%otGrcmovabIc GnMq>s During Solid-Phase ^^fl^ 
Synthesis of Oligoaudootides ^ o 

The formation of oligonudeotides on a solid-phase sup- 
port requires the stepwise attaduneot of a nudeotide to a where R is the side chain of the amino add and X is a 
substrate-bound growing oligomer. In order to prevent ^ photoremovable protecting group. This comiKrand is a 
unwonted polymerization of the monomeric nudeotide urethane-po^otected amino add having a photoremovable 
under the reaction conditions, protection of the 5'-hydtx>xyl protecting group attadi to tfie amine. A more preferred 
l^xmp of the nucleotide is required. After the monomex is activated amino add is framed when the photoremovable 
coaided to die end of the oiigomo, the y-hydroxyi protect- protecting group has the gcncwd famula: 
ing group is removed, and another nucleotide is coupled to 
the chain. This cyde of coupling and dcprotecting is con- 
tinued for cadi nucleotide in the cdigomcr sequence. See 
Gdt, **91igoiiudeotide Synthesis: A Practical Approadi** I (^J 

1984, IRL Press, London, inoorpar&ted herein by reference 50 J^JS^^ 
for all purposes. As described above, the use of a pbotore- 
mfipvnfale protecting group allows removal, via patterned 
iiTcdintion, of sdected portioas of the substrate surface 
during the deprotection cyde of the solid i^ase synthesis. where R^, R^ R^, and independently are a hydrogen 
This sdectively allows qutial control of the synthesis-tbe 35 atom, a lower alkyl, aryl, benzyl, halogen, hydroxy^ 
next nudeotide is coi^iled only to the irradiated areas. albOQcyL thiol, thioether, amino, nitco, caiboxyl, formate, 

OUgcnudeodde synthesis gencnUy involves coupling an f^^, R^f^suL^Kv'^^t^ 
cdivated pliospiionius derivative on the 3 -hydroxyl group R ^ , R -R , R -R") «re substitnted ooiygen myi 

of a nodeotide witb the 5'-hy*oxyl group of an digomi „ |^ ''^^f V^"^ '^^.^ !^ ^ ^ ' 
booitd to a soUd -.ppoitTVona^w chemical me»hodIe»ist " ^^^^i^ ^ ^ " 

to perforin this co»plii«: the pho^tiiester and A^nK activated »mno «;id is fanned when (he 

pbonmudite methods (See Gatt).ntoieetinggiDups of the photoremovable protecting group is 
irreseot invention are suitable for use in either method. 6-nitroveiain4axyaibonyL That is. R' and R" are each a 

In a preferred embodiment, a photoremovable protecting 65 hydrogen atom, R^ and R' are each a mcthoxy group, and 
group is attached to an activated nudeotide on the R^is a hydrogen atoriL Another preferred activated amino 
5*-hydroxyl group: add is formed when the photoremovable group is 





5,744,305 

29 30 

6-nitropiperoayl: and are each a hydrogen atom, R^ of skill in tfac art such as a model no. 2025 made by Spectza 
and R^ togeUier fcm a metfaylene acetal, and R^ is a Riysics. Light from the source is directed at a lens IG^ 
hydrogen atom. Other protecting groups are possible. whidiispreferahly acyiindricallensof tbetype wefllmowa 
Another pFefaxed activated ester is farmed when the pho- totfaoseof sldll in the art The resulting output from the leiks 
torcmovable groiq> is methyl-^nitraveratiyl or mcthyl-6- 5 UO^ is a linear beam rather than a spot of light, lesidting in 
mtrop^MTonyl. the c^»hility to detect data substantially simultaneously 

Ancifacr prefcued activated amino add is formed when along a linear array of pixeb rather than on a pixel-by-pxxcl 
the photaraqovable protecting group has the general fcv- basis. It will be understood that a cylindiical lens is used 
mula: herein as an illnstratioa of one technique for generating a 

linear beam of ligbt on a surface, but that other techniques 
could also be utilized. 

The beam from the cylindrical lens is passed through a 
dicfaroic mirror or prism (100$) asd directed at the surface 
of the suitably prepared substrate 1<^8. Substrate 16^ is 
placed 00 an x-y translation stage ICX^ such as a modd no. 
1^ FM500-8 made by Newport at certain locatiotis on the 
substrate will be fluoresced and transmitted along the path 
indicated by dashed lines back through the dichroic minor, 
and focused with a suitable lens 1016 such as an £^1.4 
camera lens oa a linear detector 1012 via a vatiatde f stop 
20 focusing lens 1014. Througb use of a linear light beam, it 
becomes possible to generate data over a lin^- of piiels (such 
where R\ R^ andR^ indqjendently a re a hy drogen atom, a ^ j jQ^ng the substrate, ratha ttian fromindi- 
lowex alkyl, azyl, benzyl, halogen, hydroxyl, aUaixyt thiol, vidual points on the substrate. In altanativc cmbodimeols, 
ihiocther, amino, nitro caiboxyl, formate, femamido, ji^t i$ directed at n 2-dimensional arcn of the subsnate and 
sutfanates, sulfido <xr pbosphido group, aal R^ and R' ^ fluoresced light detected by a 2^nsi<«ial CCD iinay. 
^^^j^^y^^^y^^^^^^^^^^^"!^ linear detcXn is prcfaird because substan^ 
aryLhydrogcn,OTallttnylgroup.'niercsultmgoDn9»oundts power densities are Stained. 

a ur^e^tected amino acdd having a pyrenyimetby. "^Dcteoar 1012 detects the amount ofUght fluoresced from 
^^rtonylprotectmg^ the substrate ^ a function of position. According to one 

prrfan^anbodmieMisfGrm^ embodiment the detector is a lii^ CX3> anny of the type 

cadtt a nyarogen atom. ^ , ^ commonly known to tfiosc of skiO in the ait The x-y 

The urethane-protected aimno aads having a pbotare- ^nslation stage, the Hght source, and the detetlcr 1012 are 
mo^Ue FOtectuig groij> of the prcscm invention arc pre- ^ ^^j^ connected to a computet 1016 such as an IBM 
paredbycondensahoncfanN-protec^ p^-AT or equivalent for control of the device and data 

acylatmg agent such as an acyi hahde, anhydnde, chloro. ^ collection from fee CCD array. 

t,*^ ?^ "'L^iJS?; ^ °l«^on, the substrate L appropriately positioned by 

.'^f^L^/^^' ^' trSon stage. The light ^is .hen fflimnnatS 

112:7414-7416, both hercm mc«rponited by reference for ^ ^^^^^ ^ ^ ^ 

aUpuiposes), ^^^^ ^ ^ 

Urctlume-protected ammo adds havmgf^ot^ ^ HG. U iUustrates fee aidiitccturc of the data collection 

^"1^^ ^h"^'^^ 5"^*^ "^T^ 8^ detail Operation of the system occurs 

solid2>ha« peptute ^«s, and because of fee ^y ^ fee^toton counting jiogram U©2 

selectivity possiWe wflh the photoiemo^ jS^^ (photon), indudedh«ewife^ Appendix B.Tlclsexi^ 

S Se^ dimensions, fee mmibaflf^ 

p^synfees^ese ammo aads are fefi^ ^ a region, and fee Sn speed to fee cSuSr« progpS^ 

u^ethanc group fimserv«to^^ GpS bus 1104 fee p^m (m an TC^mipatihle 

Z 1^ computer,fore:uunple)i5erfiKrs wife amuMchimil^ 

fee pepode tend IS formed, feei^^ ^ ^^^^ ^ 

gr«u^piotccts tbc newly farmed amino teimnus from controller 1108 such as a PM500. TTie signal from the light 

^^^^ « fromfeefluoresdngsubstratecntersaphotoncounlarlUlO^ 

to nucieo^s^ ''JT^^IT!^ 1^^^ providing output to fee scaler UOtf.DaU are output from fee 

JSf^ and due to feis high ^cacUvity, fee ^^^^of fee number of counts inaXntrgion. 

'^d^l^^^'CLT'wl After scanning a selected area, fee stage contSuer is^ 

an yieias arc typicauy nighcc vated wife commands for acceleration and velocity, which in 

IV. Data Collection 53 turn drives fee scan stage 1112 such as a FM500-A to 

A. Data Collection System anothv region. 

Substrates prepared in accordance wife fee above descrip- Data are collected in an image data file 11X4 and jbo* 

don are used in one cmbodimcm to detcnnice which of fee cessed in a scaling program lU^, also included in A{^)ettdix 

plurality of sequences feereon bind to a receptor of interest B. A scaled image is output for display on, for exan^le, a 

FIG. 11 illustrates one embodiment of a device used to 60 VGA display 1118. The image is scaled tuised on an iiqmt of 

detect regions of a substrate which contain flouresccnt fee percentage of pixels to dip and the minimtim and' 

markers. This' device would be used, for example, to detect maximum pixel leveb to be viewed. The system outputs for 

fee presence or absence of a labeled recqMor such as an use fee min and max {Mxd levels in the raw data, 

antibody which has bound to a synfeestzed polymer on a B. Data Analysis 

substrate. 65 The output from the data collection system is an amy of 

Light is directed at fee substrate from a light source 1002 data indicative of fluorescent intensity versus location on the 

such as a laser light source of the type well Imown to feose substrate. The data are typically ta£xn over regions substan* 
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tially smaller Chan the area in which synttiesis of a given 
pafyroa has talcen plarr Merely hy way of exazzq>le, if 
potymers were synthesized in squares on the substrate 
having rfiwwndnfK of 500 micxons by 500 mioons, die data 
may be taken over regions having dimensions 5 microns 5 
by 5 mioons. In most pnfencd embodiments, the regions 
over which flouresccnce data are taken across the substrate 
ere less than oboot M the area <tf the regions in which 
ifidtvidaal potymers ore synthesized, preferably less than Vio 
the crea in which a single polymer is symbesked, and most lo 
prefemfaly less than Vtco die area in which a single polymer 
is synthesized. Hence, within any cjca in which a given 
polymer has been synthesized, a large number of fluores- 
cenoe data pdnts are collected. 

A plot of nuffiba of pxels versus intensity for a scan of is 
a cell when it has been exposed to, for exazDple, a labeled 
antibody will typically tabe the foim of a beQ curve, but 
spurious data are observed, particulaily at higher intensities. 
Since it is desaniUe to use an average of fluorescent intensity 
GFver a given syntttesis region in determining relative binding 20 
affinity, these apurions data will tend to undr-siraMy skew the 
data. 

Accordittsly, in one erobo(fimeot of the invention the data 
oe ocnected for removal of these sporious data points, and 
on overage of the data points is thereafter utilized in deter- ^ 
mining relative hi lading cffictOAcy. 

FKj. 13 illnstrates one embodiment of a system for 
removal of spurious data from a set of fluorescence data such 
OS data used in affinity screening studies. A usa or the 
system ii^mts data relating to the chip location and cell 
cozsen at step 1392. From this information and the image ^ 
file, the system creates a conqniter representatioa of a 
histosFom at step 13^, the histogram (at least in the form of 
a compQter file) plotting numbs <^ data pixels versus 
intensity. 

For each cell, a main data analysis loop is then pafoimcd. 35 
Fcff eccfa cell, at step 13®$, the system ralnil airs the total 
intensity cr number of pixels for the bandwidth centered 
aroiud vaiying intensity levels. For cxanqile, as shown in 
the plot to the tight of step 13CS, the system calculates the 
number of pxels within the band of widdi w. The system ^ 
(hea ''moves'* this bandwidth to a higher center intensi^, and 
again calailatrs the number of pixels in the bandwidth. This 
process is repeated until die entire range of intensities has 
been scanned, and at step 1308 die system detcnnines Tx^iich 
bond has the highest toud number of pixels. The data widiin 
this bandwidth are used for Anther analysis. Assuming the 
bandwidlfa is selected to be reasonably small, this procedure 
Trill Ifflve the effect of eliminiling spurious data located at 
the higher intensity levels. The systan then repeats at step 
S3E0 if an oeUs hove been evaluated, or repeats for die next 
ceO. 



45 



At step 1312 the system then integrates the data within the 
bandwidth for each of the selected ccUs, sorts die data at st^ 
1314 using die synthesis procedure file, and displays the data 
to a user on, for example, a video display or a pdnto: 

V. Representative Af^licatioos 
A. Oligonucleotide Syndiesis 

The generality of lig^ directed spatially addressable 
parallel chemical synthesis is demonstrated by plication to 
nuddc add synthesis. 

1. Exanqiie 

Light activated formation of a thymidinecytidine dimer 
was carried out A three dimensional representation of a 
fluorescence scan sfaowiog a chedoerboard pattern generated 
by the Hg^t-directed synthesis of a dinudeotide is shown in 
FIG. 8. 5'-nitroveratiyl thymidine was attached to a synthe- 
sis substrate through die 3* hydroocyl group. Tlie nitrovetatiyi 
protecting groiq>s weie removed by illumination through a 
500 mm ciiodozboard mask. The substrate was then treated 
with phosph<»amidite activated 2'-deoxycytidine. Id order to 
foOow die reaction fluorometticaUy, th^s deoxycytidine had 
been modified with an FMOC protected aminobexyl linker 
attached to the exocydic amine (5*0-dimethoxytriQrl-4-N- 
(6-N-fluorenylmcthylcarbamoyl-hexylcarboxy)-2*- 
deoxycytidine). After removal of die FMOC pootccting 
group with base, the regions which contained die dinude- 
otide were flttoresocntly labelled by treatment of the sub- 
strate with 1 mM FIFC in DMF for one hoar. 

The three-dimensional representation of die fluorescent 
intensity data in FIG. 14 dearly reproduces the checker- 
board illumination pattern used during photolysis of the 
substrate. Tliis result demonstrates that oligonucleotides as 
wen as peptides can be synthesized by die light-<iirected 
inetbod. 

VL Condusion 

The inventions herein provide a new i^iproacfa for the 
simultaneous synthesis of a large lumiber of compounds. 
The method can be a|:plied whenever one has rhrmiml 
building blocks diat can be coined in a solid-phase format, 
and when light can be used to generate a reactive group. 

The above description is illustrative and not restrictive. 
Many variations of the invention will become i^ipfirent to 
diose of skill in the art upon review of dus disdosore. 
Merdy by way of exan^, while die invention is iUnstrated 
primarily widi regard to peptide and nudeotide synthesis, 
the invention is not so limited. Hie scope of the invention 
should, therefore, be determined not with reference to die 
above descrqition, but instead should be dctctmined with 
reference to the qrpended daims along with their full scope 
of equivalents. 



( I }CQNSIALIHPa2MAn0N: 

(lit )NU&d8mCS'SBQUEKCSS:21 



( 1 )04POCaiAnQMF0aseQn>NO:l: 

( 1 )SBQaENSCX€SAaACl£ianiCS: 
(A }LEKtniI:Sc3n»cdfb 
(B )1 
(C )S 
( D ) TCXPOUXn^ bcs 
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( i i ) MOLECULE TYPE; pqiMB 

( X i )SBQ!DEKCEECSCXiniaH:SSQIDNai: 

Jyx Olj Qlj Pbe L«a 
1 J 



( 2 )INFQfiMXtlQNPGRSBQIDND:2: 

( i )SBQ|UENCB<SARACIEBCSUCSi 

< A )l£NCnB:5MBK>«3b 
( B )TTFe:«BBoanS 

< C ) snUNDEZSNESS: 
(D)TOFQUXnCBMr 

( s i )2lca£CULETTFe:pq)tiife 

( X i )aBqPENCEPCSCRl P IIOK:SBQIDWOa: 

Pro aiy O I y Pba L«n 
1 5 



( 2 )INF0»MXnGNP0RSBQIDNOa: 

( i ) SBQUENCE CBAKACHiKISTICSi 
( A )tEHCnB:5aauD«ads 

< B yrmsmimtaA 

< C ) SntANDCCaSSS: ds^ 

( D )'ropGLo(n^BK« 

( a i ) MOLBCOLE TCTE: pcydda 

( z i )SQUENCeECSCRlPTX}K:SEQIDNQ£): 

Tyr Olr Ala Ol7 Pb« 
1 3 



( 2 )INPaRMAZI0NP0RSBQIDNO:4: 

( i ) SBQUENCE CSARACTEBISnCS: 
( A ) LOtOIB: 6 OB ackb 

(B )rrpe:«Bi»nd 

( C ) SIBANDEOMESS: OBsk 



( i i )MC3LGCUL£mG:|»|itkfe 



( X i ) SBQUENCE PESOUPIIOW; SBQ ID NOsIc 

Tyr aiy Al« Ph« L*v S«r 

1 5 



( 2 )IKPQRBOaiGNP0RSBC}a>NOES: 



( i )5BQUENCSCHAftACIBasnCS: 
( A )LENaiB:5MBUDaddi 
( B )TTTE:«mB»«ail 
( C ) SnLANDGDNBSS: 
( D yVXCUOQyilamm 

i i i ) MniFrCT.BTnEip<T«hte 

( X i > SBQUEWCT UmCMPU OW: SBQ IP WC>3: 

Trx Oty Alft Pb« S«r 

1 5 



( 3 )INPORMXnONPOSlSBQn>NO:a: 

( i ) SBQUEHCX CBARAOEIUSTICS; 

( A )ia40IB:5«iMB>«>b 
( B )TYPe:Binoml 
( C ) SniANDeZ>NESS: 
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< i i ) >irXBn,ILB TtPEz pydde 

( z i )SBQH3EHCEVESCSJFT30K:SBQ1DVOA: 



Tjt Olj Al« Phe L«0 
1 3 



( 3 )INPaBM^aiCNP0RS8QIDNO^: 

( 1 )SBQ^ 

( A ) LENOtB: « «Bi» 
( B }TTFe:«n>aD«ctl 
( C) SntANIXDNESS: 

<D)iQrauxnri£Kw 

( 1 i )SBQaa)CSCeSC3UraCN;SaQIDNO;7: 

ryt air Olj Pb« L«o Ser 
1 5 



( 2 )INP0SMAII0flP0RS8QDNO:t: 

( i )SaQUEN(XCTAftACreBI5IKS: 
( A ) LENCnB: 4 aw aab 
( B yTm^maaowdd 

<C)3 



( i i )MOLBCULBTTFE:piv<^ 

< X i ) SBQDENCZ DeSOUFOON: SBQ ID NQ-J: 



Tyr ai7 Al« Ph« 
1 



( 2 )IM>0KMAI1GNP0RSBQIDNC»: 

( i )SDQUQICECHAAACtCB15T1CS: 
( A ) LBIOZa: 3 MBK Kadt 
< B )TTFE:>mv»Kid 
<C)S 
(D)l 



( i i )MCUCULBTX]>e:pifnb 

( X i )S8QUEMCSC)eSCBIPnON:SBC)IDNO^ 



Tjt 0\ J Al« L*v St 
I 3 



( 2 )tNFQ8MAnONPGAS8QIDNO:tO: 

( 1 )saguEh 

( A )LENaiB:3anK>Kkb 
( B )Tm:m»acid 
( C )5XSANSQ»lESS:«fb 
( D ) TCPOCXXIYi faM 

( 1 i )MOLBCULBTTPS:|N|iidi 

( K i > aqOBNCB ma UU P UGN; SBQ n> WO:IO: 

Tyt aij Oly Pb« S«r 
1 3 



( 3 )INPOttMArfONPCIlSa2IDNO:U: 

( i )&BqUDICECBA&ACXBUSnCS: 
( A > UeNOIH- 4 SDOO «!• 
( B )TYPe:«M>aeid 
( C ) SUtANDCDNESS: 
( D )T0P0LOaT: Emm 
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( i i )M0t£COLETTPE;ptyDdB 

( X i ) SEQUENCE OCSaUPnONiSBQ ID NaU: 

Tyr Oly Ala L*q 

1 

( i )IHR»MAXIONF0llSBQa>NO:12: 

( A ) LBffnH: 6 ■BKxdda 
(B )TTFE:maonl 
( C ) SISANDGDNESS: ^ik 
( D ) TOPGtJOGfir. fiaear 

( i i )MGUCUl£m^pBpidB 

( X i ) SEQUaCE DGSCWFOON: SBQ ID N0:12: 

Tyr Oly Al* Ph* L«« Ph« 

I 5 



< 2 }Dira«M/JiaNP0RS8QIDNO:t3: 

( i )SSgqEHCSCHARACteBtSnCS: 
( A )lJ9KnB:5KDPKad> 
(B }'me:«)boKid 
( C ) SntAKDGENBSS: ask 
<D )10P0UXJ7:&«r 

( i ■ )MQL8CIlLETTPB:pef«idB 

( z i )SBQaEHCECeSCSIPnGN:SB}a>N0:t3: 

T ft 0\7 Al« Pb« Pbe 

1 5 

( 2 )DTORMAII0KPC>lSSQIDN0:t4: 

( i }SSQqENCSCHABACZERISIICS: 
( A ) LENOIB: 3 oiBD aab 
( B yrmzmmaomii 
( C ) SIXANieDNBSS: and* 
( D )TOK3L0aT:fiM 

( i i )MOI£CULETTFe:vapbde 

< X i )SEag9)CECESC3UPnOH:SBQIDNO-J4: 

Tyt Oiy aij L«« S«r 
I 5 



( 2 )IHFQRMXDGNP0RSBQIDNO:]5: 

( i )S8QUEN 

( A >LQ)(nB:5«i&aDi 
( B yrmzmmaaaoA 
(OnKANDQXIESS: 



( i i 

( X i > aUQDENCS OCSCSIFliaM: SBQ ID HOitS: 



Tjr aiy Ol y Ph« L«« 
1 3 



( 2 )INPQRMAXONP0it5SQIDNO:16: 

( i >SBQgBNCXCHARACIQOSnCS: 
( A ]LENCnB:tf Moadd* 
( B )TrFE:aiBDoaoid 
( C ) sntANDECMESS: SMfe 
< D )TOPaU)OYi&»c 
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( i i ) MOLBCUtE TTFE: iKfttfe 

( B i ) SagfUENCE VtHUUFVkUN: SEQ ID HOil6: 

Tyt Oly Alt rb» Smx Pb« 
I 5 



( 3 )IKP0BMaiGNPaRS8Qn>KO-J7: 

( I )SBQDENCBCaAltACIEBlSIIC5: 
< A ) tENOZB: 7«B»> aeib 

( C )SXSAra]eDNE5S:i^ 

( i i )MOLBCULBTTF£:|MvbilD 

<s i )SSQUQICE0eSCUraaN:SeC)IDNO:n: 

Tyr Oly Ala Pb* L«o Sat Pb« 
I 5 



( 3 )D4raRMAJ1ONP0RS8QIDNO:l»: 

( a )S8QUENCECSARACIEUSTICS: 
( A )U!N(na:tf«nDnb 
( B )TTFE:«anoicid 
( C )5ISANDeDNESS:«tk 
( D )TQPOUXra:BM 



( i i )> 

( X i ) mOOENCE DCSCRiraO^I: SBQ ID NO:18: 

Tyr Oly Ala Pka Mot Ola 

1 5 

( 3 ) INPOAMAIlOrr PCR SSQ ID HO-J9: 

( i ySBQOENCBCHARACnKISIXCS: 
( A ) LDK7IB: 5 jan> «ad« 
( B ) TYPE: aim ackl 
( C )5ISUNDCDNBSS:a8l* 

(D )iarotoar:iiM 

( i I )MOLBCULETTFe:|H|ttb 

(X i )9QUENCEI3esCltmKN::SBQIDNO:19: 

Tyr Oly Ala Pb« M«K 
I 5 

( 3 )0<reSMAnQNPORSaQIDND:aO: 

{ i )SBQUDICSCaARACXmsnCS: 
( A )La«enH:5aiMa»acid« 
(B )TYFe:a»>Kkl 
( C ) SIRAMDeSNESS: la^ 
( D ) TOPOUXm Gaaar 

( X i ) SegyPICB P C3 CB I P D0W! SBQ ID MOaO; 

Tyr Oly Ala Pb* Ola 

1 5 



< 3 ) DOCBMAJION FOR SBQ ID NO^n: 

( i )SSQUQKE<SARACmtXSIICS: 

< A ) LENOni: 5 KMM KMdi 
( D ) TYPE: aBno acid 

( C ) nSAKECDNESS: nfk 

< D )T0POLOaT Kaa« 
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( i i ) MOLECULE TTF£:pi;dds 

( s i )seQUQlCE^escBIpnoN:SEQm^fo^: 

Tyi Oly Oly Phe Met 
1 J 



What is cUimcd is: 

1. An amy of oligcrnQdeotides, the airay cozxqirisiiig: 

a pianar, ooa-^xzrous solid soppott having at least a first 
sozface; and 

a fdiirality of dtSerent digonudeoddcs attached to the 
first surface of the solid support at a density exceeding 
400 difToeat oligonuclcotides/Gni^, v^ierein eadi of the 
difiioeat oligonucleotides is attached to the suf ace of 
the solid support in a diffeieot predefined region, has a 
different deceaxdiiable sequence, and is at least 4 nucle- 
otides in lengCtL 

2. The array of daim 1, wherein each different oligo- 
nucleotides is from about 4 to about 20 nucleotides in length. 

3. The array of daim 1, wherein each diffezcnt oligo- 
nucleotide is at least 10 nucleotides in length. 

4. The array of daim 1, wherein each different oligo- 
nucleotide is at least 20 nucleotides in length. 

5. The array of daim 1, wherein the array oonqxriscs at 
least 1^000 different oligonucleotides attached to the first 
surface of ttie soUid sappait 

^ The array of claim 1, wherein the array con^dses at 
least 10.000 different oligonudeotides attad>ed to the first 
surface of the solid siq^rart. 

7. Tbe array of daim 1^ wherein each of the different 
predefined regions is physically separated from each other d 
the different regions. 

8. The array of claim 1, wherein said planar non-porous 
sodd support is glass. 

9. The array of claim 1, wherein said oligonucleotides are 
attached to the first surface of the solid suppoit through a 
linloer group. 

10. The array of cLdm 1, wherein the digonudeotide in 
the different predefined regions are at least 20% pare. 

11. The array of daim 1, wherein tbe oligonudeotides in 
the different predefined regions are at least 50% pure. 

12. The amy of daim 1, wherein the digonuclecrtde in 
tbe different prcddfined regions are at least 80% pure. 

13. Tbe array of daim 1, wtiercin the oligonucleotide in 
the diffezcnt predefined regions are at least 90% pure. 

14. The array of daim 1, wherein said array is prodnoed 
by a binary synthesis process, said process comprising the 
steps of: 

l^oviding a planar, non-^Kffous solid support, said solid 
supptat having a (durality of oarrq>ounds immc^nlized 
on a surface thereof, said oompoands having protecting 
groops coupled tfaocto; 

dqirotecting a first pt^on of said plurality of compounds 
on said surface and not a second portion of said 
fdurality of con^uads; 

reacting said first portion of sold plurality cf compounds 
with a first onnponent of said oligonudeodde; 

(^protecting at least a third portion of said plurality of 
compounds on said surface, said third portion oonsfiris- 
ing a fraction of said first pootion of said pJuraUQr of 
compounds; 

reacting said at least third portion of said i^urality of 
conDfMunds with a second oonqraaent of said oUgo- 
nudeotidc; and 

optionally repeating said binary synthesis steps to produce 
said oUgonudeotide array. 



10 15. An array of polynucleotides, the airay comprising: 
a planar non-porous solid support having at least a first 
surface; and 

a plurality of diffierent polynudeotides attached to the first 
surface of tlie solid sappcat at a density exceeding 400 
^ different polynudeotides/cmP, wherein each of the (fif* 
foent pdyimdeotides is attadicd to the surface of the 
solid siqjport in a different predefined region, has a 
different determinable sequence, and is at least 4 imdc- 
otides in length. 
^ 16. Tbe array of daim 15, wherein eadi different poly- 
nadeotide is at least 20 nucleotides in length. 

17. Tbe array of daim 15, wherein the zxray comprises at 
least 1,000 different polynudeotides attached to the first 
surface of the solid support. 
^ 18. The amy of daim 15, wherein the amy oonqirises at 
least -10^000 (fiffercnt polynudeotides attached to die first 
surface of die solid support 

19. Tbe amy cf daim 15, ^(^tercin each of die different 
selected regions is physically separated from each of the 

^ other selected regions. 

20. The amy of daim 15, wherein said planar noit-parous 
solid suRJOrt is glass. 

21. lite array of daim 15, wherein said polynudeotides 
are «*tar*>r^ to the first surface of the solid siq^xfft through 

^ a linlcEr group. 

22. The amy of daim 15, wherein the polynudeotides in 
tlie different predefined, regions oon^oise polynudeoddes 
that arc at least 20% pure. 

23. Tbe array of daim 15, wherein the pdynudeotides in 
40 the different predefined regions con^mse polynudeotides 

that are at least 50% pure. 

24. The amy of ckdm 15, wtiercin the pdynudeotides in 
tbe <fiffcrent {redefined regions are at least 80% pure. 

25. The amy of daim 15, the pdynudeotides in the 
45 different predefined regions are at least 90% pure. 

26. Tbe amy of daim 15, wherdn said array is produced 
by a binary syikthesis process, sdd process oonqoising tbe 
stiq>s cf: 

providing a piaruo; non-porous solid suf^Kiit, said solid 
30 su|^>Qrt having a plundity of canqKxmds immobilized 
on a surface thereof, said conqxninds having protecting 
gmips coupled thereto; 
dcprotecting a first portion of said plurality of conqKNuds 
on said surface and not a second portion of said 
33 plurality cf conqjounds; 

reacting said first portion of said plurality of compounds 

with a first reactant; 
dcpETOtecting at kast a third portion of said plurality of 
conqjounds on said surface, said third portion compris- 
60 ittg a fracdoa of said first portion cf said plurality of 
compoiuds; 

reacting said at least third portion of said plurality of 

con^rounds with a second reactant; and 
opdoiaUy repeating said binary synthesis st^ to psodace 
65 said pdynudeotide amy. 



